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CHAPTER  I 


INTRODUCTION 

Chromophoric  Interactions 

The  most  typical  chromophoric  interaction  is  conjugation. 

The  larger  extent  of  electron  delocalization  that  is  possible  as  con- 
jugation increases  contributes  toward  stabilization  of  the  excited 
state  more  than  toward  stabilization  of  the  ground  state.  As  seen 
from  the  basic  relationship 

E = he 
A 

a decrease  in  the  energy  difference  between  ground  state  and  excited 
state  will  cause  bathochromic  shifts  of  Polyenes,  for  example, 

UiCWl 

give  the  ultraviolet  absorptions  shown  in  Table  1^’  ^ (iwir* 

transition). 


TABLE  1 

ULTRAVIOLET  ABSORPTION  OF  POLYENES 


Alkene 

Amax  (W) 

E 

Ethylene 

171 

15,530 

Butadiene 

21? 

21,000 

Hexatriene 

268 

34,600 

Octatetraene 

304 

- 

However,  chromophoric 

interactions 

are  not  limited 

jugated  systems.  Many  examples  of  interacting  non-con jugated  chromo- 
phores  have  been  reported.-^  Such  interspatial  interaction  results  in 


1 


2 


spectral  effects  which  correspond  neither  to  the  simple  addition  of 
the  spectra  of  the  two  insulated  chromophores , nor  to  the  spectrum  of 
the  completely  conjugated  system.I 2 * * **  P*  ^ 

Braude^"  found  strong  ultraviolet  absorption  evidence  for 
interaction  between  unconjugated  unsaturated  groups  in  systems  of  the 
type  X(CH2)nY  (X  and  Y are  chromophores);  Bateman  and  Jeffrey^’  6 * 
showed  by  X-ray  analysis  that  even  for  two  single  isolated  chromophores 


some  interaction  occurred. 

Leonard'’  observed  interspatial  ultraviolet  nitrogen-carbonyl 
interaction  in  aza-acyloins  (I)  and  aminoketones  (II),  caused  by  true 
bond  or  only  partial  orbital  overlap  of  the  lone  pair  of  electrons  on 
nitrogen  with  the  pn  electrons  of  the  carbonyl  group.  Result  of  the 
interaction  was  the  decrease  of  the  C=0  peak  (264  mp)  to  a very  weak 
absorption,  and  the  appearance  of  a new  strong  band  at  228  mp. 

0 

. C — CHOH 

(CB2)/  <CH2)n 

I 

R 

I 


i 


R 

II 


Leonard  and  Owens8  observed  a clear  transannular  double  bond  - 
carbonyl  interaction  in  5-cyclodecen-l-one  (III).  The  spectrum  obtained 
did  not  show  additivity  of  the  component  parts  IV  and  V;  scale  models 

showed  that  the  carbonyl  and  the  double  bond  could  readily  approach 

each  other  in  parallel  planes.  The  infrared  spectrum  and  the  dipole 

moment  of  III  did  not  show  any  interactions;  this  prompted  the  authors 

to  suggest  that  the  interaction  occurred  only  in  the  excited  state. 
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III  IV  v 

¥instein  and  Orloski^’  ^ prepared  compounds  containing 
structures  VI  and  VII,  which  were  fixed  in  a rigid  boat  conformation 
by  adjoining  rings.  A comparison  of  the  ultraviolet  spectra  of  these 
compounds  with  the  spectra  of  the  corresponding  saturated  ketone  VIII 
and  mono-olefin  IX  showed  the  appearance  of  an  additional  peak,  in  a 
bathochromic  position. 


VI  VII  VIII  IX 


Cyclopolymerization 

Intramolecular-intermolecular  polymerization  (commonly  referred 
to  as  cyclopolymerization)  is  a phenomenon  observed  with  many  uncon- 
jugated dienes,  by  -which  a polymer  having  cyclic  recurring  units  is 
formed. 

CH0=CH 
2 I 


This  polymerization  mechanism  was  first  proposed  by  Butler 
and  Angelo11  in  1957,  and  was  subsequently  rigorously  proved  by 


CH 

I 

CJL 


/ 


/CH2\ 

■CIL-CH  CH 

2 i i 


CH„ 


\x/ 


CH0 
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Butler,  Crawshaw  and  Miller12  through  degradation  studies  of  the  polymers 

obtained  from  diallyl  quaternary  ammonium  salts  (X  = NR2+  Br  ). 

Since  the  establishment  of  the  intra-intermolecular  polymerization 

mechanism  a large  number  of  monomers  have  shown  the  ability  to  cyclo- 

polymerize.1-5  Cyclic  units  containing  up  to  twenty-one  carbon  atoms 

have  been  observed;1^  heterocyclic  rings  where  the  central  atom  (X  in 

the  structures  shown  above)  was  oxygen,  silicon,  phosphorus,  tin,  or 

13 

sulfur  have  been  formed. 

The  physical  characteristic  shared  by  all  polymers  obtained  by 
intra-intermolecular  mechanism  is  their  solubility  in  organic  solvents; 
this  property  indicates  an  absence  of  cross-linking. 


Uncon jugated  Chromonhoric  Interactions  Related  to 
Cyclonolymerization 

In  an  effort  to  account  for  the  unique  tendency  of  unconjugated 
diene  systems  to  cyclopolymerize , Butler-^  suggested  that  a homoconjug- 
ative  interaction  may  occur  between  the  unconjugated  ethylenic  bonds. 
Such  a phenomenon  would  have  a stabilizing  influence  on  the  excited 
state  of  the  molecule,  thus  providing  an  energetically  favorable  path 
from  diene  to  cyclic  product. 

3 

The  various  possible  structures  involved  have  been  listed; 

X is  the  most  general.  All  these  structures  involve  interspatial  inter- 
actions, and  as  such  their  presence  should  be  evident  in  ultraviolet 
spectra;  their  most  common  manifestations  should  be,  as  seen  above, 
bathochromic  shifts  or  the  appearance  of  new  peaks. 


CH 

i 

CH? 

X 


'CH. 

\ 


/ 


CH 

l 

CH 


2 


X 
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Butler  and  Brooks1'*  studied  the  ultraviolet  spectra  of  the  cj_s 
and  trans  isomers  of  1,3,8-nonatriene.  The  values  for  these  two 

— — — — ■ lUaA 

isomers  were  shifted  hathochromically  from  the  position  which  would  he 

calculated  hy  Woodward' s1^  rule,  namely  222  mp  (for  both  compounds), 

to  225.5  and  22 7 mp  respectively.  trans-1.3.8-Nonatriene  had  been 

15 

cyclopolymerized  by  the  same  authors. 

Butler  and  Raymond1^  synthesized  l,3,9»H-dodecatetraene , 1, 3*8,8- 
nonatetraene  and  3»8-dimethylene-l,?-octadiene,  and  the  corresponding 
conjugated  dienes  1,3-dodecadiene,  1,3-nonadiene,  and  3-methylene-l- 
octene.  The  ultraviolet  spectra  of  the  compounds  were  studied.  It  was 
found  that  all  of  the  dienes  absorbed  in  the  narrow  range  224.7  - 226.5 
mp,  while  the  tetraenes  exhibited  absorption  maxima  over  the  wide  range 
of  221.8  - 272.1  mp.  The  dodecatetraene  and  the  nonatetraene  showed 
bathochromic  shifts  of  A (2.7  and  10.6  mp  respectively)  when  compared 
with  the  corresponding  dienes  (nonadiene  showed  also  two  new  absorption 
peaks).  3, 6-Dime thylene-l,7-octadiene  showed  a hypsochromic  shift  of 
2.9  mp  when  compared  with  3-methylene-l-octene. 

The  spectral  data  obtained  were  considered  strong  evidence  of 
interactions  present  in  the  tetraenes.  The  hypsochromic  shift  of  the 
octadiene  derivative  was  explained  with  a larger  ground  state  stabili- 
zation due  to  the  several  conformations  available  to  the  molecule  where 

the  two  conjugated  systems  could  approach  each  other. 

18 

All  the  tetraenes  were  cyclopolymerized,  and  the  authors  postu- 
lated that  the  interactions  observed  in  the  ultraviolet  spectra  are  the 
same  ones  which  lead  to  a cyclic  intra-intermolecular  polymerization 
mechanism.  For  the  nonatetraene,  for  example,  the  following  structure 


was  drawn. 
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Finally,  van  Heinigen1^  studied  the  ultraviolet  spectra  of  1,4- 

20 

dimethylenecyclohexane  (a  compound  known  to  cyclopolymerize  ) and  of 
methylenecyclohexane.  It  was  found  that  the  unconjugated  diene  showed 
both  bathochromic  shifts  of  Amax  and  the  appearance  of  new  peaks  when 
compared  with  the  mono-olefin.  The  spectroscopic  data  are  reported  in 
Table  2. 


TABLE  2 

ULTRAVIOLET  ABSORPTION  OF  METHYLENECYCLOHEXANES 


Compound 

95$  Ethanol 

Isoctane 

X (mp) 

max 

E 

A (mp) 

max 

E 

Methylenecyclohexane 

191.8 

10,850 

191.3 

11,700 

197.5 

9,200 

1 ,4-Dimethylenecyclohexane 

198.8 

19,500 

198.2 

21,100 

203.3 

17,200 

202.8 

18,500 

208. 9 

9,550 

208.6 

10,300 

Statement  of  the  Problem 

The  purpose  of  the  present  research  was  to  prepare  a series  of 

21-24 

unconjugated  diene  systems  known  to  cyclopolymerize,  namely 

allyltrimethylsilane,  diallyldimethylsilane , triallylmethylsilane,  and 
tetraallylsilane,  and  study  their  ultraviolet  spectra  in  an  effort  to 
determine  whether  nonconjugated  chromophoric  interactions  occurred.  A 
bathochromic  shift  of  2.4  mp  was  observed  between  the  monoallyl  compound 
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and  the  diallyl  compound,  indicating  an  interaction  in  the  diallyl  com- 
pound. The  total  bathochromic  shift  between  the  monoallyl  compound  and 
the  tetraallyl  compound  was  3*9  mv1 , indicating  some  additional  inter- 
action as  the  number  of  allyl  groups  is  increased. 

It  was  determined  to  investigate  the  number  of  factors  which 
could  have  caused  these  interactions  by  preparing  series  of  related 
compounds  and  examining  them  in  the  ultraviolet  region.  Three  main 
groups  of  compounds  were  prepared  and  studied:  the  vinyl  analogues 

( trimethylvinylsilane,  dime thy ldivinylsilane,  methyltrivinylsilane , and 
tetravinylsilane) ; the  propyl  analogues  (allyltripropylsilane,  diallyl- 
dipropylsilane,  and  triallylpropylsilane) ; the  carbon  analogues  (3*3- 
dimethy 1-1-butene,  3, 3-dime thy 1-1, 4-pentadiene , 4,4-dimethyl-l-pentene, 
and  4, 4-dime thy 1-1, 6-heptadiene) . A compound  of  related  interest, 
ally ldime thy lvinylsilane,  was  also  studied. 


CHAPTER  II 


RESULTS  AND  DISCUSSION  OF  THE  ALLYLMETHY LSI LANES  STUDY 

Isooctane  Solutions 

The  ultraviolet  absorption  of  isooctane  solutions  of  allyltri- 
methylsilane  (Al),  diallyldimethylsilane  (A2),  triallylmethylsilane 
(A3),  and  tetraallylsilane  (A4)  (all  known  compounds)  was  determined. 

The  values  obtained  are  shown  in  Tables  3 and  4.  All  the  compounds 
absorbed  in  the  190  - 200  mu  region,  with  extinction  coefficients 
ranging  from  10,000  to  40,000. 

Absorbance  was  plotted  vs.  path  length  for  three  different  path 
lengths  to  check  the  adherence  to  Lambert's  law  (Figure  1);  good  ad- 
herence was  obtained.  Absorbance  was  plotted  vs.  molarity  for  four  con- 
centrations to  check  the  adherence  to  Beer's  law  (Figure  2);  fairly  good 
adherence  was  obtained;  a very  slight  deviation  towards  lower  absorbance 
with  increasing  concentration  was  observed  for  the  most  concentrated 
solution.  No  obvious  reason  for  this  slight  deviation  was  apparent;  a 
mechanical  error  could  possibly  have  been  involved. 

The  X values  obtained  for  each  of  the  four  allylsilanes 
max 

remained  nearly  constant  when  concentration  or  path  length  were  varied. 
The  very  small  variations  observed  (within  + 0.3^,  see  Table  2)  did  not 
seem  to  follow  a trend  (with  respect  to  concentration  or  other  variables) 
and  were  most  likely  due  to  reading  error  (wide  absorption  bands  were 
obtained)  or  mechanical  error  (at  the  low  wavelengths  used  higher  slit 
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TABLE  3 

A AVERAGES  OE  ALLYLMETHYLSILANES  (ISOOCTANE  SOLUTIONS) 
max 


Compound 

^max 

Average 

(mp) 

Departures  Shift 

from  Average 

Average  (mp) 

Shift 

Additivity 
(A2-A1  shift 
set  at  1) 

A1 

192.3  ' 

+ 0.3$ 

2.4 

1.00 

A2 

194.7 

+ 0.1% 

1.0 

0.42 

A3 

195-7 

+ 0.3^ 

0.5 

0.21 

A4 

196.2 

+ 0.3$ 

TABLE  4 

EXTINCTION  COEFFICIENT  AVERAGES  OF  ALLYLMETHYLSILANES 

(ISOOCTANE  SOLUTIONS) 

Compound 

E Average 

Departures 

Additivity 

from  Average 

OsAi  set  at  l) 

A1 

10,566 

+ 6% 

1.0 

A2 

19,190 

+ h% 

1.8 

A3 

28,840 

+ 7% 

2.7 

A4 

37,271 

+ 6% 

3.5 

apertures  are 

needed  to  provide  sufficient  energy,  with  consequent 

loss  in  reproducibility).  However,  at  least  four  sets 

of  values  were 

obtained  for  every  compound, 

so  that  the  average  value 

calculated  would 

be  significant 

; furthermore, 

even  when  variations  in  absolute  wavelength 

were  observed. 

the  relative 

shift  values  remained  constant  within  the 

various  A1  - A4  series. 
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Figure  1 Adherence  to  Lambert's  law  of  allylmethylsilanes  (isooctane 

solutions) . 


Figure  2.— Adherence  to  Beer's  law  of  allylmethylsilanes  (isooctane 
solutions) . 
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The  extinction  coefficients  obtained,  for  each  of  the  four 
allylsilanes  remained  fairly  constant  when  the  concentration  or  path 
length  were  varied,  but  not  as  constant  as  the  AQax  values.  Variations 
up  to  + ? per  cent  (see  Table  4)  were  observed;  again,  the  variations 
did  not  seem  to  follow  a trend. 

Table  3 shows  how,  with  increasing  allyl  substitution  in  the 

silanes,  the  A values  shifted  progressively  towards  longer  wave- 
max 

lengths,  with  a total  bathochromic  shift  of  A4  over  A1  of  3*9  nip.  This 
corresponds  to  an  energy  lowering  of  2. 96  kcal./mole  in  the  tt-tt* 
transition.  The  average  shift  lengths  for  the  A2-A1,  A3-A2,  and  A4-A3 
shifts  were  2.4,  1.0  and  0.5  mu,  corresponding  to  a 1.00/0.42/0.21 
ratio  (an  asymptotic  decrease  in  shift  length). 

Table  4 shows  how,  with  increasing  allyl  substitution  in  the 
silanes,  the  extinction  coefficient  increased,  but  remained  below 
straight  additivity.  The  ratios  were  1.0/1. 8/2. 7/3. 5»  showing  that  in 
nearly  every  case  the  extinction  coefficients  were  10  per  cent  short  of 
additivity. 

Summarizing  the  results  obtained,  the  ultraviolet  study  of  the 
four  allylsilanes  in  isooctane  solution  showed  that,  increasing  the 
degree  of  allyl  substitution: 

(i)  a bathochromic  shift  occurs 

(ii)  the  bathochromic  shifts  decrease  asymptotically 

(iii)  the  extinction  coefficients  increase  progressively,  but 
remain  10  per  cent  short  of  straight  additivity. 

Ethanol  Solutions 

Ninety-five  per  cent  ethanol  was  chosen  as  polar  solvent  to  be  com- 
pared with  the  nonpolar  isooctane  only  after  the  transmittance  of  the  two 
solvents  in  the  far  ultraviolet  was  determined.  The  values  obtained, 
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reported,  in  Table  5»  show  that  their  transmittance  in  the  region  con- 
sidered is  very  close. 


TAS LE  5 

TRANSMITTANCE5  OF  ISOOCTANE  AND  95  PER  CENT  ETHANOL  IN 
THE  FAR  ULTRAVIOLET 


Wavelength  (mp) 

Isooctane 

95  Per  Cent 
Ethanol 

200 

98 

94 

195 

82 

88 

190 

72 

72 

185 

43 

31 

aSolvent  vs.  nitrogen;  path  length  0.03  mm.  Values  are  per  cent 
transmission. 


The  spectroscopic  data  obtained  for  the  ethanol  solutions  of  the 
allylmethylsilanes  (Tables  6 and  7)  parallel  the  results  obtained  for 
the  osooctane  solutions.  Absorbance  was  plotted  vs..  molarity  for  four 
concentrations  to  check  the  adherence  to  Beer's  law  (Figure  3)»  g°°d- 
adherence  was  obtained.  All  the  X values  obtained  for  the  ethanol 

UluA 

solutions  of  the  allylsilanes  showed  bathochromic  shifts  over  the 
corresponding  isooctane  solutions. 

Except  for  Al,  which  was  shifted  1.3  mp,  the  change  in  solvent 
from  isooctane  to  ethanol  caused  a constant  bathochromic  shift  of  0.8 
mp.  As  a consequence  of  the  larger  solvent  effect  for  Al,  the  A2-A1 
shift  was  smaller  than  the  one  observed  with  isooctane  solutions  (1.9 
instead  of  2.4  mu),  while  the  A3-A2  and  A4-A3  shifts  remained  unchanged 
at  1.0  and  0.5  mp.  The  total  bathochromic  shift  of  A4  over  Al  was 
therefore  reduced  to  3.4  mp.  The  shift  ratios  were  now  1.00/0.53/0.26, 
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TABLE  6 


A AVERAGES  OF  ALLY LMETHYLS I LANES  (ETHANOL  SOLUTIONS) 
max 


Compound 

/max  „ 
Average 

(mp) 

Departures 

from 

Average 

Shift 

Average 

(mu) 

Shift 

Additivity 
( A2-A1  shift 
set  at  1) 

A1 

193-6 

+ 0.2^ 

1.9 

1.00 

A2 

195-5 

+ 0.1% 

1.0 

0.53 

A3 

196.5 

+ 0.1% 

0.5 

0.26 

A4 

197.0 

+ 0.1% 

TABLE  7 

EXTINCTION  COEFFICIENT  AVERAGES  OF  ALLYLMETHYLSILANES 
(ETHANOL  SOLUTIONS) 


Compound 

E Average 

Departures 
from  Average 

Additivity 
(Ea1  set  at  1) 

A1 

9,150 

+ 8% 

1.0 

A2 

18,715 

+ 2% 

2.0 

A3 

27,616 

1 + 

po 

3-0 

A 4 

35,95^ 

1 + 

ro 

3.9 

still  close  to  an  asymptotic  decrease  in  shift  length  with  increasing 
allyl  substitution. 

All  the  extinction  coefficients  obtained  for  the  ethanol  solu- 
tions showed  hypochromic  effects  over  the  corresponding  isooctane 
solutions.  The  average  decrease  in  extinction  coefficient  of  each  com- 
pound was: 
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Figure  3 Adherence  to  Beer's  law  of  allylmethylsilanes  (ethanol 

solutions) . 


Al 

10.8# 

A2 

1.7# 

A3 

1.3* 

A4 

3.8# 

It  is  seen  that  a marked  decrease  was  observed  only  for  Al.  As  a con- 
sequence of  the  pronounced  decrease  in  intensity  of  Al,  the  extinction 
coefficient  ratios  for  the  ethanol  solutions  showed  an  almost  exact 
additivity  with  increasing  allyl  substitution:  I.O/2.O/3.O/3.9. 

Summarizing  the  results  obtained, the  ultraviolet  study  of  the 
four  allylsilanes  in  ethanol  solution  showed  that,  with  a change  in 
solvent  from  isooctane  to  95  per  cent  ethanol: 

(i)  a bathochromic  shift  occurs  for  all  the  allyl  compounds, 

(ii)  a hypochromic  effect  occurs  for  all  the  allyl  compounds, 

(iii)  both  bathochromic  shift  and  hypochromic  effect  are  more 

pronounced  for  allyltrimethylsilane  than  for  the  other 
allylsilanes. 
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Gas  Phase 

The  low  vapor  pressure  of  the  allylsilanes  allowed  only  a 
qualitative  study  (determination  of  > "but  not  of  the  extinction 
coefficients)  of  the  first  three  compounds  in  the  allylmethylsilane 
series. 

Similarly  to  the  solution  spectra,  wide  absorption  hands  were 
obtained.  The  spectroscopic  data  are  reported  in  Table  8.  All  the 
compounds  absorbed  at  a lower  wavelength  in  the  gas  phase  than  in 
solution.  The  shifts  observed  are  smaller  than  the  ones  obtained  from 
solution  spectra,  but  the  shift  ratios  are  identical. 

TABLE  8 

ABSORPTION  OF  ALLYLMETHYLSILANES  IN  THE  GAS  PHASE 


Compound 

X (myt) 

max  ^ 

Shift 

(mu) 

Shift  Additivity 
( A2-A1  shift  set  at  1) 

A1 

188.7 

1.0 

1.0 

A2 

189.7 

0.4 

0.4 

A3 

190.1 

Comparison 

of  the  Different 

Media 

Phase  and  solvent  effects  in  organic  spectra  can  be  interpreted 
at  least  qualitatively  in  terms  of  dipole,  polarization,  and  hydrogen 
bonding  forces  between  solute  and  solvent.2^  A treatment  by  Bayliss2’  p* 
of  polarization  forces  predicts  bathocromic  shifts  in  going  (i)  from  gas 
phase  to  solution  in  non-polar  solvents;  (ii)  from  solution  in  nonpolar 
solvents  to  solution  in  polar  solvents. 
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A comparison  of  the  Affiax  values  for  the  methylallylsilanes 
obtained  in  gas  phase,  isooctane  solution,  and  95  per  cent  ethanol 
solution,  shows  a progressive  bathochromic  shift,  as  expected  from 

25 

the  increase  in  polarization  forces.  According  to  Bayliss  and  McRae 
the  gas  - solvent  red  shift  is  caused  by  a momentary  polarization 
induced  in  the  solvent  by  the  transition  dipole  of  the  solute,  and  is 
more  important  when  the  solute  is  nonpolar.  The  fact  that  the  shifts 
obtained  in  the  gas  phase  were  smaller  than  the  ones  obtained  in  solu- 
tion could  possibly  be  due  to  a higher  energy  state  of  the  molecules 
in  the  gas  phase,2’  ^ with  consequent  higher  rotational  and 
vibrational  motions,  hindering  intramolecular  interactions. 

Solutions  in  the  least  polar  solvents,  with  the  lowest  solvating 
power,  have  the  least  effect  on  spectra  (i.e.  give  spectra  most  nearly 
resembling  gas  spectra)  and  are  least  effective  in  inhibiting  vibrational 
structure.  As  a consequence,  nonpolar  liquids  such  as  hydrocarbons  are 
preferred  as  solvents  for  spectroscopic  studies.  The  most  pronounced 
solvent  effects  have  been  observed  for  n-***  transitions  in  polar  mole- 
cules. In  general  the  excited  state  receives  predominant  contributions 
from  highly  polar  structures,  such  as  Rg^-Cf  in  ketones,  and  is  conse- 
quently more  polar  than  the  ground  state.  Such  structures  with  sepa- 
rated charges  are  stabilized  by  solvent  polarity  according  to  the 
electrostatic  theory.  A polar  solvent,  therefore,  facilitates  excitation, 
and  results  in  a bathochromic  shift,  as  compared  with  the  nonpolar  solvent. 
Only  when  the  ground  state  is  more  polar  than  the  solvated  excited  state 
(as  for  example  in  n-*ir*  transitions)  a hypsochromic  shift  would  be 
observed  with  increasing  polar  nature  of  the  solvent. 

The  spectra  of  nonpolar  molecules,  such  as  hydrocarbons,  are 

relatively  unaffected  by  solvent  polarity;  isooctane  and  ethanol  give 
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the  same  values  within  the  limits  of  error. The  fact  that  a 
hathochromic  shift  was  observed  for  all  the  allylsilane  compounds  when 
the  solvent  was  changed  from  isooctane  to  ethanol  would  possibly  indi- 
cate the  presence  of  a polar  interaction,  such  as,  for  example,  XI, 
although  this  interpretation  remains  tentative,  because  the  largest 
solvent  shift  was  observed  for  Al,  showing  a definite  silicon  involvement 
(see  below). 


The  hypochromic  effect  observed  for  the  allylsilanes  with  the 
change  to  the  more  polar  solvent  is  not  easily  explained.  There  is 
currently  no  satisfactory  theoretical  approach  to  the  problem  of  spec- 
tral  intensities  in  solution.  Furthermore,  the  effects  of  solvent 
polarity  on  extinction  coefficients  are  often  contradictory.  For  ex- 
ample, a change  in  solvent  from  ether  to  methanol  for  benzophenone 

derivatives  transition)  causes  both  a bathochromic  shift  and  a 

26 

hyperchromic  effect.  For  the  unsaturated  aldehyde  citral,  on  the  other 
hand,  a change  in  solvent  from  hexane  to  ethanol  causes  both  a batho- 
chromic  shift  and  a hypochromic  effect  (ir-'n*  transition).  In  some 
cases,  intensity  changes  have  been  explained:  pyridine  shows  a small 

bathochromic  shift  but  a considerable  hyperchromic  effect  for  the  tt-tt* 
transition  when  the  solvent  is  changed  from  hexane  to  ethanol;  this 
effect  has  been  ascribed  to  hydrogen  bonding  of  solvent  molecules  to  the 
lone  pair  of  electrons  on  the  nitrogen,  because  spectra  of  pyridine  in 
acid  solution,  where  the  proton  is  directly  bonded  to  the  nitrogen  atom 
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through  the  lone  pair  showed  an  even  higher  hyperchromic  effect,  with 

2 D 363 

practically  no  change  in  wavelength.  ’ p*  D D 

It  is  possible  that  ethanol  solvates  the  allylsilanes  through 
expansion  of  the  valence  shell  of  silicon,  so  that  part  of  the  avail- 
able electrons  on  the  oxygen  can  be  accommodated  in  the  empty  d orbitals 
of  silicon  (XII).  This  type  of  solvation  is  the  electrostatic  opposite 

H Et 

w 

0 

Me  * ‘ Allyl 
«e"PMe 

b 

/+\ 

H Et 

XII 

of  a solvation  through  hydrogen  bonding,  known  to  cause  hyperchromic 
effects.  Furthermore,  this  solvation  effect  could  be  expected  to  be 
more  pronounced  for  the  first  term  in  the  series,  allyltrimethylsilane , 
where  the  smaller  methyl  groups  offer  less  steric  hindrance  to  coordina- 
tion with  solvent  molecules. 

Discussion  of  the  Possible  Causes  of  the  Shifts  Observed 
From  a study  of  the  structure  of  the  molecules  involved  and 
an  extensive  literature  search,  it  would  appear  that  most  likely  causes 
of  the  shifts  observed  could  bet 

1.  Structure  modification  due  to  replacement  of  methyl  with 
allyl  groups  (two  more  carbons  introduced  each  time). 

2.  Participation  of  the  silicon  d orbitals,  leading  to  inter- 
action with  the  allylic  double  bonds. 

3.  Interspatial  homoconjugative  interaction  of  the  type  pro- 
posed^ for  a cyclopolymerization  mechanism. 
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Analysis  of  Structure  Effects 

Every  time  that  a methyl  group  is  replaced  with  an  allyl  group 

in  the  compounds  studied  the  original  structure  is  modified,  because 

two  more  carbon  atoms  are  introduced  in  each  substitution. 

The  fairly  small  value  of  the  shifts  obtained  could  support  the 

objection  that  they  could  have  been  caused  by  the  progressive  structure 

modification  occurring.  It  seemed,  therefore,  worthwhile  to  study 

these  structure  effects,  namely  the  effect  on  ultraviolet  spectra  of 

the  progressive  introduction  of  alkyl  groups. 

The  very  little  theoretical  work  carried  out  on  these  effects, 

has  been  mainly  confined  to  hyperconjugative  effects,  such  as  the  ones 

28 

occurring  in  methyl-substituted  ethylenes  (Mulliken,  19^2).  In  the 
allylsilane  case,  model  compounds  are  limited  (i)  to  compounds  contain- 
ing only  one  chromophore  (to  eliminate  the  possibility  of  chromophoric 
interaction)  and  (ii)  to  normal  alkyl  substituents  (to  maintain  a close 
similarity  with  the  allyl  systems  studied). 

If  a compound  is  substituted  with  progressively  longer  alkyl 
groups,  the  first  substitution  (methyl)  is  expected  to  bring  into  play 
mainly  hyperconjugative  effects,  while  the  further  ones  (ethyl,  propyl 
. . . ) will  bear  their  influence  mainly  by  inductive  effects.  The 
inductive  effects  appear  to  increase  progressively  with  increase  in 

length  of  the  alkyl  chain,  as  shown  by  the  increase  in  dipole  moment  in 
29 

the  series: 


20 


R RC1  Dipole  Moment  (D) 

Me  1.87 

Et  2.05 

n-Pr  2.10 

n_-Bu  2.11 

n_-Pentyl  2.12 

n-Heptyl  2.15 


and  by  the  decrease  in  ionization  potential  (a  physical  constant  closely 
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related  to  the  ultraviolet  absorption)  in  the  two  series. 


Methane 

13.1 

Ethylene 

10.50 

Ethane 

11.6 

Propylene 

9.70 

Propane 

11.3 

1-Butene 

9.65 

Butane 

10.34 

However,  an  examination  of  available  ultraviolet  data  does 
not  show  any  definite  trends.  The  gas  phase  ultraviolet  absorption  of 
unsaturated  hydrocarbons  has  been  investigated  independently  by  Jones 
and  Taylor^  and  Carr  and  Pickett. 32-3^  f^g  following  data  were 
obtained: 


Jones 

and  Taylor 

Carr  and 

Pickett 

Sax  (wl 

E 

E 

Propene 

172.5 

11,000 

- 

- 

1-Butene 

174.5 

11,200 

175.2 

15,500 

1-Pentene 

178.0 

13,700 

176.7 

15,350 

1-Hexene 

177.2 

10,800 

177.9 

10,720 

It  is  clear 

that,  although 

a bathochromic  shift 

was  obtained  by  both 

investigations  for  the  first  terms,  no  regular  trend  is  apparent  either 
in  wavelength  or  in  extinction  coefficients. 
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Rice^  studied  solvent  effects  in  alkyl-substituted  acetones; 
the  following  data  were  reported: 


Neat  liquid 

X (mu) 

max 

Aaueous  Solution 

X (mu)  E 

max 

Ethanol  Solution 
\al  M “ 

Methylacetone 

277.0 

266.5 

20.9 

275-0 

19.8 

Ethylacetone 

279.0 

269.5 

21.2 

277.0 

21.2 

n-Propylacetone 

279-0 

270.0 

21.2 

277.0 

21.2 

In  this  case,  the  effects  of  progressive  substitution  were 


nearly  negligible.  The  same  conclusion  could  be  arrived  at,  at  least  for 
wavelength,  observing  the  effects  of  alkyl  substitution  on  the  benzene 
0-*-0  band,  reported  by  Matsen  et  al«  (solution  spectra): 


\ (mu) 

1J1QX 

E 

Toluene 

268.62 

220 

Ethylbenzene 

268.00 

180 

n-Propylbenzene 

268.15 

177 

r^Butylbenzene 

268.80 

170 

In  conclusion,  the  allylsilane  series  studied  exhibits  definite 
and  regular  trends  in  both  wavelength  and  extinction  coefficients, 
trends  missing  from  the  structure  effects  considered  above,  but  present 
in  series  based  on  conjugative  interaction,  such  as  conjugated  polyenes 
and  polyene  aldehydes.2’  p*  However,  the  synthesis  and  investigation 

of  n.-propylallylsilanes  (Chapter  IV),  where  no  structure  change  would 
occur  on  progressive  allyl  substitution,  can  provide  a more  definite 


answer. 
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Silicon  d Orbitals  Participation 
Elements  on  the  right  in  the  second  row  of  the  periodic  system, 
namely  silicon,  phosphorus,  and  sulfur,  have  available  d orbitals  with 
quantum  number  equal  to  the  valence  shell  s and  p orbitals,  which  are 
not  occupied  in  the  free  atom  and  are  energetically  not  too  far  above 
the  valence  shell. 

These  d orbitals  can  become  involved  in  bonds  by  expansion  of 

the  valence  shell,  either  through  formation  of  double  bonds  between  the 

central  atom  (silicon,  phosphorus,  or  sulfur)  and  another  group  (e.g. 

an  unsaturated  group(  or  by  conjugation  of  two  chromophoric  groups 

through  the  central  atom.  * p*  ' In  either  case,  the  presence  of 

these  interactions  should  be  evident  in  ultraviolet  spectra.  The  first 

type  of  interaction  would  apply  to  the  allylsilanes  studied,  and  could 

37 

be  shown  either  by  charged  structures. 

R3Si'-CH2S=CH2  R^Si"  CH2=CH-CH2+ 

or  by  du-p-n  electron  delocalization,  because  the  very  diffuse  silicon 
3d  orbitals  could  extend  far  enough  to  overlap  the  -conjugated 
system:^’ 

The  second  type  of  interaction  (conjugation  through  the  silicon  atom) 
is  less  likely  to  apply  to  allysilane  systems,  but  could  apply  to 
vinylsilanes: 

CH,=CH-SiSr=CH,  CH,=CH-Si‘=CH-CH,+ 

2 R nR  2 2 lfsR  2 

Q— #-Q 0-0 

or  CH0-CH-S i ( R0 ) -CH-CHL 
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It  appears  of  interest  to  compare  similar  systems.  The  most 
informative  systems  are  the  ones  containing  silicon,  "pentavalent" 
phosphorus  or  the  sulfone  group;  sulfides  are  also  interesting,  hut 
the  lone  pair  of  electrons  present  makes  the  results  more  difficult  to 
interpret. 

Among  the  first  authors  to  observe  evidence  of  valence  shell 
expansion,  Kohler  and  Potter^  found  that  -unsaturated  sulfones 
showed  marked  resemblance  in  chemical  behavior  with  the  analogous 
cx^p-un saturated  carbonyl  compounds;  the  sulfonyl  group  could  not  partic- 
ipate in  the  kind  of  conjugation  that  is  characteristic  of  wji-unsatur- 
ated  ketones  without  expanding  the  valence  shell  of  sulfur.  Later, 

Koch‘S  and  Fehnel  and  Carmack^  found  that  «x,ji-unsaturated  sulfones 
absorbed  at  considerable  longer  wavelengths  that  was  expected  from 
either  an  isolated  S02  group  or  a vinyl  group,  and  ascribed  the  batho- 
chromic  shift  to  resonance  interaction  between  the  two. 

When  the  unsaturated  system  was  insulated  by  one  methylene  group, 
no  interaction  was  observed  in  the  sulfone  series,  although  relatively 
few  compounds  have  been  investigated.  ’ Benzyl  ethyl  sulfone, 

dibenzyl  sulfone,  and  benzylphenyl  sulfone  were  found  to  absorb  at  the 
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same  wavelength,  265  mb  (main  benzene  band).  Some  interaction  has 

been  found  for  -unsaturated  sulfides  (allyl  and  benzyl  sulfides); 

however,  even  sulfides  did  not  show  any  interaction  when  the  unsaturated 

37  41 

group  was  two  atoms  removed  from  the  sulfur.  ’ 

The  spectra  of  phenylphosphorus  derivatives  in  which  the 
central  atom  has  no  lone  pair  of  electrons  available  (e.g.  triphenyl- 
phosphine  oxide)  show  a slight  conjugative  interaction  involving  ex- 
pansion of  the  valence  shell,  causing  a small  bathochromic  and 
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hyperchromic  shift  in  the  phenyl  absorption.  However,  straight  addi- 
tivity of  extinction  coefficients  and  no  change  in  was  observed 
increasing  the  number  of  phenyl  groups  bound  to  the  phosphorus:  this 

indicates  a lack  of  interaction  between  them.  In  the  series  phenyl- 
phosphinic  acid,  diphenyl phosphinic  acid,  and  triphenylphosphine  oxide, 

V _ remained  constant  at  263  mu,  and  the  extinction  coefficients  were 

max 

hp 

• close  to  a 1/2/3  ratio. 

Some  organosilicon  substituents  have  a small  bathochromic 
effect;  for  example  the  phenyl  absorption  of  phenyl trimethylsilane  in 
the  240-270  mu  region  is  shifted  4.5  mu  towards  the  visible,  showing  a 
moderate  resonance  interaction. P*  However,  many  silicon  com- 
pounds (triphenylsilane,  triphenyl sil an ol,  tetraphenyl silane)  absorb 
at  the  same  wavelength  as  the  corresponding  carbon  compounds,  showing 
little  interaction  between  silicon  and  the  phenyl  ring.^  It  appears 
that  valence  shell  expansion  of  silicon  requires  activating  groups:  a 
7 mu  bathochromic  shift  (accompanied  by  a slight  hypochromic  shift)  of 
the  main  benzene  absorption  band  was  observed  in  mono- and  tri-p- 

di methyl amino  substituted  triphenyl silanols;  this  shift  may  be  ascribed 

44 

to  resonance  involving  quinoid  structures  using  silicon  d orbitals. 
Trisilyl amine,  (H^Si)^N,  is  a weaker  base  than  trimethylamine  although 

4* 

silicon  is  more  electropositive  than  carbon,  because  of  H=Si  bonding 
through  the  d orbitals  of  silicon.^’  P*  ^ 

From  the  limited  number  of  examples  available  (sulfur  and 
phosphorus  series),  it  would  appear  that-  when  conjugation  involves  the 
d orbitals  of  a central  atom,  increasing  the  number  of  chromophoric 
groups  bound  to  the  atom  does  not  cause  a parallel  increase  in  wavelength 
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of  absorption.  For  the  allylsilane  series,  on  the  contrary,  progres- 
sive shifts  were  observed  with  increasing  allyl  substitution. 
However,  the  presence  of  a silicon  - double  bond  interaction  can  be 
verified  by  an  investigation  of  the  ultraviolet  spectra  of  vinyl- 
silanes  (Chapter  III),  where  such  an  interaction  should  be  at  its 
maximum,  and  of  carbon  analogues  (carbon  replacing  silicon)  of  allyl- 
and  vinyl-silanes  (Chapter  IV),  where  such  an  interaction  should  be 
clearly  absent. 

Interspatial  Con.jugative  Interaction 

The  observation  of  the  ultraviolet  absorption  of  series  of 
conjugated  polyenes2*  P*  228-239  shows  how  the  conjugation  of  two  or 
more  chromophores  produces  a system  with  new  absorption  properties, 
in  which  both  Ag^.  values  and  extinction  coefficients  have  increased. 
This  increase  continues  as  long  as  the  conjugated  system  is  lengthened, 

although  the  rate  of  increase  diminishes  as  the  number  of  conjugated 

* 

chromophores  becomes  larger.  The  A^^  values  and  the  extinction  co- 
efficients observed  for  the  allylsilane  series  seem  to  resemble  this 
behavior,  although  the  rate  of  increase  of  shows  a sharper  drop. 

An  interspatial  conjugative  interaction  in  the  allylsilane 
series  could  be  represented  by  the  general  structure  XIII,  which 
resolves  into  XIV,  XV,  and  XVI  for  A2,  A3>  and  A4  (scale  models  show 
how  the  first  and  fourth  allyl  groups  on  A4  are  too  far  for  a full- 
circle  interaction  to  be  possible).  The  interaction  could  be  defined 
as  a pseudo-butadiene,  pseudo-hexatriene,  and  pseudo-octatetraene  type. 
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Alternate  five-  or  seven-membered  structures,  such  as  XVII 

or  XVIII,  are  certainly  less  stable  than  six-membered  ones,  due  to  poor 

61?  66  77 

charge  stabilization  and  some  steric  strain.  ^ For  example  Bartlett,  * '' 

who  studied  the  solvolyses  of  4-pentenyl  and  5-hexenyl  p-nitrobenzene- 
sulfonates,  (i)  obtained  cyclic  products  only  from  the  hexenyl  deriva- 
tive, which  could  form  a six-membered  ring;  (ii)  showed  how  both 
solvolysis  and  kAhexyl  rates  were  much  higher  for  the  hexenyl  than 
for  the  pentenyl  derivative.  A cyclic  intermediate  had  been  postulated 
for  both  compounds. 
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Five-  and  seven-membered  structures  are  also  unlikely  to  apply 
to  triallyl  or  tetraallyl  systems.  The  spectroscopic  study  of  allyl- 
methylsilanes  showed  additional  interaction  as  the  number  of  allyl 
groups  was  increased.  Extended  conjugation  in  the  triallyl  system 
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using  structures  XVII  or  XVIII  requires  a bicyclic  structure  comprising 
one  five-  and  one  seven-membered  ring,  which  appears  energetically  un- 
favorable. 

Scale  models  show  how  extended  conjugation  for  the  tetraallyl 
system,  leading  to  a tricyclic  structure,  is  possible  only  with  six- 
membered  structures,  which  allow  a slightly  offset  p0  interaction. 

The  steric  requirements  of  five-  and  seven-membered  structures  allow 
only  the  formation  of  two  independent  bicyclic  systems,  with  a conse- 
quent much  lower  extent  of  conjugative  interaction  (the  delocalization 
energy  of  octatetraene  is  1.52  p,  which  is  38  per  cent  higher  than  the 
delocalization  energy  of  two  independent  butadiene  systems,  0.9^^). 

The  lower  extent  of  interaction  possible  with  a p0  model  could 
explain  the  fairly  small  value  of  the  shifts  obtained;  a second  reason 
could  be  that  the  freedom  of  rotation  of  the  allyl  chains  would  reduce 

4 7 

the  probability  of  intramolecular  interaction.  Ireland  and  Schiess,  1 
who  studied  ultraviolet  interactions  in  £y-unsaturated  ketones,  ascribed 
the  small  order  (1-2  mji)  of  the  bathochromic  shifts  obtained  to  the  free 
rotation  about  the  vinyl  group  bond  possible  in  their  systems;  Labhart 
and  Wagniere,^®  who  investigated  ^-unsaturated  ketones  which  were  part 
of  cyclic  structures,  obtained  substantial  bathochromic  shifts. 

POlyallyl  compounds  are  known  to  polymerize  by  an  intra-inter- 
molecular  mechanism  to  give  methylene-linked  mono,  bi,  and  tricyclic 
rings  (from  diallyl,  triallyl,  and  tetraallyl  monomers  respectively),  as 
shown  by  Butler  and  Angelo^  for  various  diallyl  compounds,  Butler  and 
Stackman,21  and  Marvel  and  Woolford22  for  diallyl dimethyl silane,  Trifan 
and  Hoglen2^  for  tri-  and  tetraallyl  ammonium  bromide,  triallylmethyl- 
silane,  and  3-vinyl-l,5-hexadiene,  and  by  Kropa22f  for  tetraallylsilane. 
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Butler  and  Angelo-^  proved  that  XX  was  the  repeating  unit  in 
polymers  obtained  from  diallyl  systems,  XIX  being  the  transition  state 
proposed  (for  free-radical  initiators).  Trifan  and  Hoglen^  concluded 
from  physical  properties  and  hydrogenation  studies  of  the  polymers  that 


for  triallyl  derivatives,  including  triallylmethylsilane,  polymeri- 
zation occurred  mainly  through  sequence  XXI-XXIV , XXII  and  XXIII 
being  the  transition  states,  and  that  with  tetraallyl  derivatives 
radical  XXIII  propagated  once  again  intramolecularly  to  form  a bridged 
tricyclic  repeating  unit. 

It  is  seen  that  the  structures  drawn  for  the  cyclopolymerization 
transition  states  coincide  with  the  structures  depicting  the  inter- 
spatial  conjugative  interaction  proposed  for  the  allylsilanes  under 
ultraviolet  excitation.  The  free-radical  notation  is  meant  to  be  only 
indicative,  because,  as  shown  for  example  by  Field, ^ cyclopolymerization 
can  occur  by  free-radical,  anionic,  or  cationic  mechanisms.  The  existence 
of  this  interspatial  conjugative  interaction  in  the  excited  state  of 
polyallyl  systems  could  explain  the  very  high  intramolecular  vs.  inter- 
molecular  selectivity  shown  by  these  monomers  in  the  repetitive  cycli- 
zation  steps. 


R + 


XXI 


X 

XXII 
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A possible  confirmation  of  the  identity  of  the  transition 
state  of  cyclopolymerization  with  the  ultraviolet  conjugative  inter- 
action proposed  for  the  allylsilanes  comes  from  kinetic  studies  hy 
Mikulasova  and  Hrivik^®"^  of  the  free-radical  polymerization  of  Al, 

A 2,  A3,  and  a4.  The  authors  found  that  the  'activation  energy  per 
double  bond  for  the  polymerization  of  the  allylsilanes  had  the  values 
reported  in  Table  9.  It  is  seen  that  the  AE&  ratios  approach  the  shift 
ratios  obtained  from  the  ultraviolet  spectroscopic  study  of  the  com- 
pounds . 

TABLE  9 

ACTIVATION  ENERGIES13  PER  DOUBLE  BOND  EOR  THE  POLYMERIZATION  OF 
ALLYLMETHYLSILANES  ACCORDING  TO  MIKULASOVA  AND  HRIVIK°0-°y 


Compound 

Ea 

Ea  Average 

AEa 

A E„  Ratio 

A1-A2  set  at  1) 

Al 

34-35 

34.50 

9.65 

1.00 

A2 

24.5-25.2 

24.85 

4.35 

0.45 

A3 

20-21 

20.50 

1.35 

0.i4 

a4 

18.8-19.5 

19.15 

^kcal./mole 
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Calculation  of  Shift  Ratios  ~by  Molecular  Orbital  Theory 

The  frequency  of  ultraviolet  absorption  of  conjugated  polyene 
and  polyene  aldehydes  has  been  correlated  with  the  HMO  (Huckel  Molecular 
Orbital  Theory)  energy  difference  between  the  highest  occupied  and 

lowest  unoccupied  energy  levels,  corresponding  to  the  most  important 

„ . ...  46,  p.  207 

transition.  ^ 

This  HMO  energy  difference  (Am)  - frequency  correlation  is 
linear,  and  therefore  the  shift  ratios  of  the  Am  values  calculated 
for  a polyene  series  should  be  the  same  as  the  shift  ratios  of  the 
ultraviolet  absorption  frequencies  obtained  for  the  polyenes.  The  Am 
values,  however,  cannot  give  directly  the  frequency  of  absorption  of 
an  unknown  series,  because  the  slope  of  the  correlation  line  has  to  be 
obtained  by  plotting  frequencies  obtained  empirically  vs_.  calculated 
Am  values. 

An  application  of  this  correlation  to  the  allylsilane  series 
assumes  that  the  amount  of  perturbation  introduced  by  the  presence  of 
the  central  silicon  atom  applies  equally  to  all  four  allylsilanes;  all 
the  factors  influencing  the  partial  bonds  of  structures  XIV-XVI  (bond 
distances,  bond  angles,  extent  of  p^  or  pff  interaction)  would  influence 
the  four  allylsilanes  in  equal  amount,  so  that  these  factors  cancel  out 
in  the  ratios. 

As  a check,  the  Am  values  for  the  pseudo-butadiene,  pseudo- 
hexatriene,  and  pseudo-octatetraene  structures  postulated  have  been 
calculated  (see  Appendix)  using  a k value  of  0.6  £ for  the  partial  bond. 
This  value  is  meant  to  be  only  indicative,  and  was  chosen  after  consider- 
ation of  the  slightly  offset  pa  interactions  which  appear  feasible  in 
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scale  models  of  the  allylsilanes,  of  the  k value  of  0.3  proposed  by 
Woods,  Carhoni  and  Roberts^  for  the  part  tt  and  part  or  contributions  in 
7-norbornenyl  cations,  and  of  the  k value  of  0.7-0. 8 p proposed  for  the 
p0  interactions  of  the  extended  n systems  in  Fukui's  copolymerization 
models.^*  P» 

The  results  obtained  are  reported  in  Table  10,  together  with 
the  Am  shifts  ( A Am)  and  the  Am  shift  ratios  (ethylene  corresponds 
to  the  mono-allyl  compound;  the  Am  values  for  k (partial  bond)  = ft 
are  from  Streitwieser^*  20®) 

TABLE  10 
HMO  CALCULATIONS 


Structure 

k( partial  bond)= 

= £a 

k( partial  bond)=0.6^ 

AAm 

AAm 

Am 

AAm 

Ratio 

Am 

AAm 

Ratio 

Ethylene 

2.000 

0.764 

1.000 

2.00 

1.48 

,0.51 

1.000 

P s eudo-butadi ene 

1.236 

0.346 

0.453 

1.26 

0.23 

0.451 

P s eudo-hexatr i ene 

0.890 

0.195 

0.256 

0.13 

0.255 

Pseudo-octatetraene 

0.695 

1.13 

^rom  Streitwieser.^’  p*  20^ 


^The  calculations  from  which  these  values  have  derived  are 
reported  in  Appendix. 

If  the  correlation  and  the  interaction  model  hold,  the  data 
shown  in  Table  10  would  predict  a 1.00/0.45/0.25  shift  ratio  for  the 
absorption  frequencies  of  the  allylsilane  series.  Furthermore,  a 
linear  correlation  between  frequencies  and  Am  values  would  suggest  the 
presence  of  a conjugative  interaction. 


FREQUENCY  VALUES  OF  ALLYLMETHYLSILANES 
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Figure  4. — Am  - frequency  correlation.  Allylmethylsilanes. 

The  frequency  values  for  the  allylsilane  series  have  been 
reported  in  Table  11.  It  is  seen  that  the  frequency  shift  ratios 
approach  the  AAm  ratios.  The  frequencies  have  been  plotted  vs.  Am 

values  (k = 0.6)  in  Figure  4;  straight  line  correlations  were 

obtained. 


CHAPTER  III 


RESULTS  A ND  DISCUSSION  OF  THE  VINYLMETHYLSILANES  STUDY 

Choice  of  Solvents 

The  vinylsilane  compounds  studied  absorbed  in  the  175-180  mu 
region.  This  region  approaches  the  useful  limit  of  solution  spectra 
(172  mu^).  After  their  absorbance  in  the  far  ultraviolet  was  deter- 
mined (Table  12),  two  solvents,  n-heptane  and  acetonitrile,  were  found 
suitable.  Solution  spectra  were  run  in  the  thinnest  cells  available 
(0.03  mm.)  to  minimize  solvent  absorption. 


TABLE  12 

ABSORBANCE3,  OF  n-HEPTANE  AND  ACETONITRILE  IN  THE  FAR  ULTRAVIOLET 


Wavelength  (mu) 

n-Heptane 

Acetonitrile 

200 

0.00 

0.00 

195 

0.01 

0.00 

190 

0.02 

0.00 

185 

0.03 

0.01 

180 

0.03 

0.11 

177.5 

0.04 

0.22 

175. 7b 

0.04 

0.31 

Solvent  vs.  nitrogen;  path  length  0.03  mm. 
b. 

^max  ^or  acetonitrile.  • 
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Heptane  Solutions 

The  ultraviolet  absorption  of  heptane  solutions  of  trimethyl- 
vinylsilane  (Vl),  dime thyldi vinyl silane  (V2),  methyl trivinylsilane 
(V3),  and  tetravinylsilane  (V4)  (all  known  compounds)  was  determined. 
The  values  obtained  are  shown  in  Tables  13  and  l4.  All  the  compounds 
absorbed  in  the  175-180  mu  region,  giving  absorption  bands  less  broad 
than  the  allylsilane  ones,  with  extinction  coefficients  ranging  from 
15,000  to  40,000.  Absorbance  was  plotted  vs.  molarity  for  four  con- 
centrations to  check  the  adherence  to  Beer's  law  (Figure  5)*  good 
adherence  was  obtained. 


TABLE  13 

X _ AVERAGES  OF  V I NYLMETHYLS ILANES  (HEPTANE  SOLUTIONS) 

IilcUv 


Compound 

A Average 

"“(w) 

Departures 
from  Average 

Shift  Average 
(mu) 

V3 

176.8 

+ 0.3^ 

0.1 

V4 

176.9 

+ 0.6$ 

0.8 

V2 

177.7 

+ 0.1$ 

0.8 

Vl 

178.5 

±0.1$ 

Observation  of  Table  13  shows  that,  although  the  compounds  did 
not  absorb  at  the  same  wavelength,  the  shifts  obtained  were  very  small 
(maximum  total  shift,  V1-V3,  1.7  mu),  and  did  not  seem  to  follow  any 
particular  trend  with  respect  to  increasing  vinyl  substitution  (V3 
absorbed  at  the  shortest  wavelength,  Vl  at  the  longest). 
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TABLE  l4 

EXTINCTION  COEFEICIENT  AVERAGES  OF  VINYLMETHYLSILANES 
(HEPTANE  SOLUTIONS) 


Compound 

E Average 

Departures 
from  Average 

Additivity 
(EA1  set  at  l) 

VI 

18,905 

+ 1# 

1.0 

V2 

28,395 

+ 1# 

1.5 

V3 

34,252 

+ 1% 

1.8 

V4 

38,553 

± 1# 

2.0 

The  extinction  coefficients  observed.  (Table  l4)  increased 
with  increasing  vinyl  substitution,  but  the  increase  was  progressively 
smaller,  and  always  remained  far  short  of  straight  additivity.  The 
ratios  obtained,  l.O/l. 5/1. 8/2.0,  correspond  to  a rate  of  increase  of 
50,  20,  and  11  per  cent  respectively. 

Acetonitrile  Solutions 

The  spectroscopic  data  obtained  for  the  acetonitrile  solutions 
of  the  vinylsilanes  have  been  reported  in  Tables  15  and  16.  Absorbance 
was  plotted  vs.  molarity  for  four  concentrations  to  check  the  adherence 
to  Beer's  law  (Figure  6)1  good  adherence  was  obtained. 

Table  15  shows  how  all  the  A^  values  were  shifted  batho- 
chromically  with  respect  to  the  values  obtained  for  the  heptane  solu- 
tions. The  shifts  obtained  were  also  smaller  (maximum  total  shift, 
V1-V4,  0.?  mu),  and  not  only  did  not  seem  to  follow  any  particular 
trend  with  respect  to  increasing  vinyl  substitution,  but  were  not  in 
the  same  order  observed  for  the  heptane  solutions  (V3  absorbed  at  a 
longer  wavelength  in  acetonitrile). 
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Figure  5.— Adherence  to  Beer’s  law  of  vinylmethylsilanes  (heptane 
solutions ) . 


TABLE  15 

\ AVERAGES  OF  VINYLMETHYLSILANES  (ACETONITRILE  SOLUTIONS) 
max 


Compound 

Xmax  Average 
(mu) 

Departures 
from  Average 

Shift  Average 
(mu) 

V4 

178.6 

+ 0.2% 

0.1 

V2 

178.7 

+ 0.2^ 

0.1 

V3 

178.8 

+ 0.2% 

0.5 

VI 

179.3 

+ 0.2%> 
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Figure  6. — Adherence  to  Beer's  law  of  vinylmethylsilanes  (acetonitrile 
solutions). 


TABLE  l6 

EXTINCTION  COEFFICIENT  AVERAGES  OF  VINYLMETHYLSILANES 
(ACETONITRILE  SOLUTIONS) 


Compound 

E Average 

Departures 
from  Average 

Additivity 

(Eyi  set  at  l) 

VI 

15,^09 

+ 5% 

1.0 

V2 

25,553 

+ 3$ 

1.6 

V3 

31,862 

+ k% 

2.1 

¥■4 

36,520 

± 5% 

2.4 

All  the  extinction  coefficients  obtained  for  the  acetonitrile 
solutions  (Table  16)  showed  hypochromic  effects  over  the  corresponding 
heptane  solutions.  The  effect  was  more  pronounced  for  the  first  terms, 
so  that  the  ratios  became  l.O/l. 6/2. 1/2.4,  with  a rate  of  increase 
slightly  higher  them  for  the  heptane  solutions. 
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Gas  Phase 

A complete  spectroscopic  study  in  the  gas  phase  of  the  first 
three  compounds  in  the  vinylsilane  series  was  possible;  the  low  vapor 
pressure  of  the  fourth  compound,  tetravinyl silane,  allowed  only  a 
qualitative  study  (determination  of  hut  not  of  the  extinction 
coefficient). 

The  spectroscopic  data  are  reported  in  Tables  1?  and  18. 
Similarly  to  the  solution  spectra,  absorption  bands  were  obtained. 

The  Vl  absorption  band  was  resolved  in  the  gas  phase  into  a main  peak 
and  a shoulder,  1.9  mu  apart,  with  close  intensities.  Absorbance  was 
plotted  vs_.  molarity  for  four  concentrations  to  check  the  adherence 
to  Beer's  law  (Figure  7):  fairly  good  adherence  was  obtained;  the 

slight  scattering  of  some  of  the  points  is  most  likely  due  to  the 
difficulty  in  measuring  exact  pressures. 

TABLE  17 

VALUES  OF  VINYL METHYLS ILANES  (GAS  PHASE) 

Compound  (mu)  Shift  (mp) 


V4 

175.2 

Vl  shoulder 

175.6 

V2 

175.8 

V3 

175.9 

Vl 

177.5 

0.4 


0.2 


0.1 


1.6 
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Figure  ?.— Adherence  to  Beer’s  law  of  vinylmethylsilanes  (gas  phase). 

TABLE  18 

EXTINCTION  COEFFICIENT  AVERAGES  OF  VINYLMETHYLSILANES  (GAS  PHASE) 


Compound 

E Average 

Departures 
from  Average 

Additivity 
(E^  set  at  l) 

Vl  peak 

13,71? 

± 9% 

1.0 

V2 

26,04? 

+ 2% 

1.9 

V3 

31,577 

± 7 % 

2.3 

Vl  shoulder 

13,157 

+ 12% 

- 

Due  to  the  different  technique  involved  in  the  determination  of 
gas  phase  spectra  (see  experimental  part),  the  values  reported  are 
those  of  the  sharpest  hands  (highest  pressures).  All  the  vinylsilanes 
absorbed  at  lower  wavelength  in  the  gas  phase  than  in  solution;  Vl 
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appeared  to  "be  shifted  bathochromically  from  the  rest  of  the  vinylsilanes, 
which  showed  very  close  absorptions.  The  total  maximum  shift,  V1-V4, 
was  2.3  mp,  higher  than  any  observed  for  solution  spectra. 

The  extinction  coefficients  (first  three  terms)  were  generally 
smaller  than  the  ones  obtained  from  solution  spectra.  The  ratios, 

1.0/1. 9/2. 3,  showed  that  V2  was  only  10  per  cent  short  of  straight  addi- 
tivity, while  V3  was  23  per  cent  short. 


Comparison  with  the  Results  of  the  Allylmethylsilanes  Study 
A comparison  of  the  spectroscopic  data  obtained  with  the  allyl- 
methylsilanes and  the  ones  obtained  with  the  vinylmethylsilanes  shows  that 
for  the  vinylmethylsilanes: 

(i)  No  regular  trend  was  observed  with  increasing  vinyl  sub- 
stitution. 

(ii)  The  shifts  obtained  were  smaller. 

(iii)  The  first  compound  in  the  vinylsilane  series,  VI,  absorbed 
at  the  longest  wavelength,  while  the  first  compound  in 
the  allylsilane  series,  Al,  absorbed  at  the  shortest 
wavelength. 

(iv)  The  only  significant  shift  obtained  was  between  VI  and  the 
rest  of  the  vinylsilanes  grouped  together. 

(v)  The  shifts  obtained  in  the  gas  phase  were  larger  than  the 
ones  obtained  in  solution,  while  the  reverse  was  true 
for  the  allysilanes. 

(vi)  The  extinction  coefficients  were  higher  in  absolute  value 
than  the  ones  observed  for  the  allysilanes,  but  were 
much  shorter  of  straight  additivity. 


Discussion 

Scale  models  of  the  four  vinylsilanes  show  that  no  interspatial 
conjugative  interaction  of  the  type  proposed  for  allysilanes  is  possible. 
On  the  other  hand,,  if  silicon  - double  bond  interactions  through  use  of 
the  silicon  d orbitals  (valence  shell  expansion)  occur,  they  should  be 
clearly  shown  in  the  vinyl  series,  due  to  the  immediate  contact  of  the 
interacting  systems. 
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The  interaction  of  the  silicon  atom  with  the  C-C  double  bond 
(p7r -d-n  interaction,  Figure  8)  is,  however,  expected  to  be  small,  and 
can  be  compared  with  a similar  interaction  of  the  sulfone  group  in 
ethylvinyl  sulfone  and  divinyl  sulfone.31’  93  For  both  silicon  atom 
and  sulfone  group  the  interaction  observed  is  only  a small  fraction  of  a 
C=C-C=C  or  C=C— C=0  type  of  conjugation.  The  silicon  and  sulfone  type  of 
interaction  involve  a three  atom  conjugated  system: 

CfL=CH-Si-  * CH^-CH-Si- 

2 • ci 

while  a butadiene  type  involves  four  atoms: 

_C=C-C=C-  * -C=C=C=C- 

Conjugation  through  the  silicon  atom  (see  Chapter  II),  which  would 
extend  the  conjugated  system,  does  not  seem  to  be  operating  in  the  simi- 
lar systems  reviewed  in  Chapter  II.  It  has  been  mentioned  above  how 
phenylphosphorus  derivatives  where  phosphorus  has  no  lone  pair  of  elec- 
trons available  show  a bathochromic  shift  of  the  benzene  band,  but  no 
additional  shifts  as  the  phenyl  groups  bound  to  the  phosphorus  increase 
from  one  to  three.92  Koch39  found  the  phenyl  groups  in  diphenyl  sulfone 
perpendicular  to  each  other,  thereby  excluding  any  conjugative  inter- 
action between  them. 

It  also  appears  from  the  results  of  the  phenylphosphorus  series 
that,  although  three  d orbitals  are  useful  for  a p^  -d-n  interaction 
with  adjacent  atoms31,  p*  3 a substantial  interaction  occurs  with  only 
one  group,  subsequent  interaction  with  the  remaining  groups  being 
negligible. 

A similar  behavior  seems  evident  in  the  vinylsilane  series,  where 
one  actually  goes  a step  further,  because  the  amount  of  silicon  inter- 
action was  actually  higher  for  the  first  term  than  for  the  others.  This 
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was  shown  hy  the  fact  that  the  only  significant  shift  obtained  (1.6  mu 
in  the  gas  phase)  was  between  VI  and  the  rest  of  the  vinylsilanes,  which 
were  grouped  together,  and  that  the  shift  was  bathochromic,  an  indication 
of  a lower  energy  excited  state  available  to  the  compound.  Particularly 
significant  is  the  fact  that  the  VI  absorption  in  the  gas  phase  showed  a 
peak  and  a shoulder,  a behavior  not  shared  by  the  other  vinylsilanes, 
and  typically  indicative  of  the  presence  of  an  interaction.  The  only 
indication  of  some  participation  of  more  than  one  vinyl  group  in  the  sili- 
con interaction  is  the  fact  that  the  extinction  coefficients  were  progres- 
sively shorter  of  straight  additivity;  this  shows  how  the  probability  of 
ultraviolet  transitions  is  progressively  decreasing  from  VI  to  V4,  a 
possible  indication  of  some  interaction  participation  in  the  lower 


terms. 
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The  comparison  with  the  results  obtained  from  the  allylmethyl- 
silane  series  showed  a widely  different  behavior.  Very  small  shifts 
were  obtained  for  the  vinylsilane  series,  where  the  silicon  - double  bond 
interaction  should  be  at  its  maximum;  if  such  an  interaction  could  ex- 
tend far  enough  to  involve  an  allyl  group,  its  influence  would  be  even 
smaller,  and  could  be  expected  to  be  of  some  importance  only  for  the  first 
term  in  the  series,  allyltrimethylsilane.  The  only  spectroscopic  evi- 
dence obtained  in  support  of  the  last  statement  could  be  the  batho- 
chromic  shift  observed  for  A1  with  a change  in  solvent  from  isooctane 
to  ethanol.  This  shift  was  0.5  mu  larger  than  for  the  other  allylsilanes; 
polar  solvent  stabilization  of  charged  structures  present  in  a silicon  - 
allyl  interaction  could  have  contributed  to  it. 


CHAPTER  IV 


RESULTS  AND  DISCUSSION  OF  THE  CARBON  ANALOGUES  STUDY 
Synthesis  of  4, 4-Dime  thy  1-1 ,6-heptadiene 

Out  of  the  four  carbon  analogues  studied,  three,  3, 3-dime thy 1-1- 
butene  (VIC),  3,3-dimethyl-l,4-pentadiene  (V2C),  and  4,4-dimethyl-l- 
pentene  (A1C)  were  known  compounds.  The  fourth,  4, 4-dime thy 1-1, 6-hepta- 
diene  (A2C),  had  not  been  previously  made. 

The  synthetic  routes  which  were  tried  for  the  synthesis  of  A2C 
have  been  reported  in  the  following  pages.  They  can  be  divided  into 
five  main  groups: 

(i-v)  Halogen  substitution  reactions.  Only  unidentified 
mixtures  of  products  were  obtained. 

(vi)  Malonic  ester  substitution,  following  Marvel's  prepa- 
ration of  1,6-heptadiene.-^2  The  S^2  reaction  was  inhibited  by  steric 
hindrance. 

(vii-x)  Substitution  reactions  on  the  tosylate  of  2, 2-dime  thyl-4- 
penten-l-ol.^  Only  unidentified  mixtures  of  products  and/or  reformed 
2,2-dimethyl-4-penten-l-ol  were  obtained. 

(xi-xvii)  Reduction  of  the  ditosylate  of  4,4-b is- (hydroxymethyl )- 
1,6-heptadiene.  Reductions  carried  out  at  high  temperatures  gave  the 
desired  product,  4,4-dimethyl-l ,6-heptadiene  (A2C),  plus  smaller  yields 
of  4-m„vnyl-4-hydroxymethyl-l,6-heptadiene;  however,  the  product  obtained 
was  slightly  impure,  and  the  high  temperature  led  to  difficult  control 
and  reproducibility  of  the  reaction. 
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(xviii)  Wolff-Kishner  reduction  of  2-ally 1-2-me thy 1-4-pentenal. 
This  reaction  afforded  gas-chromatographically  pure  A2C.  The  aldehyde 
(a  new  product)  was  prepared  following  the  procedure  outlined  hy 
Saunders  and  Brannock^  for  similar  compounds.  The  identity  of 
A2C  was  proved  by  elementary,  infrared,  and  nuclear  magnetic  resonance 
analyses. 

The  new  products  synthesized  have  been  listed  in  Table  19. 


CH- 


(i)  BrCH2-C-CH2-Br  + CH2=CH-MgBr  u.m.p. 


CH- 


CH, 


(ii)  BrCH_-C-CH--Br  + CH  =CH-Li57  (ether  soln.) 

C \ c c 

CH- 


u.m.p. 


CH, 

I J 

(iii)  BrCH2-C-CH2Br  + CH2=CH-Li  (solid)  » u.m.p. 

CH_ 


CH, 

l J 


,58 


(iv)  Cl-C-Cl  + CH2=CH-CH2-Li>'' > u.m.p. 

CH 


CH- 
i j 


(v)  C=0  + CH-=CH-CH--MgBr 

I c c 

CH- 


CH- 
i 3 

CH-=CH-CH--C-OH 

C C ( 


CH, 


3 


COOC-H- 
I * 


CH- 


(vi)  CH-  + BrCH--C-CH  -Br 
I ^ c \ c 

COOCgH^  CH^ 


r\-ry 

wauriu 


COOC-H-  CH- 
1 £ D \ J 


COOC-H, 
1 c J 


CH--CH  -C-CH  -CH 
I c & \ c I & 


C00C2H5  CH3 


COOC2H3 
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CH, 


CH, 


CH  =CH-CH.-C-CHO  CH.=CH-CH.-C-CH,OH 

2 C I C C | c 


CH, 


CH, 


CH, 


CHo=CH-CHo-C-CHo0Ts 

C.  C | c 

CH. 


n.p.,  9U70 
CH. 


(vii)  CH2=CH-CH2-C-CH2OTs  + CH2=CH-MgBr  (ether/nBu  ether) 

CH. 


u.m.p. 


f3 

(viii)  CH2=CH-CH2-C-CH2OTs  + CH2=CH-MgBr  (ether/xylene) 
" CH. 


u.m.p. 


CH, 


(ix)  CH.=CH-CH.-C-CH.OT s + CH.=CH-Li  (THF)  ► 

c c 1 2 2 ' 

CH. 


CH, 


ch2=ch-ch2-c-ch2oh 

CH. 


CH, 


(x)  CH.=CH-CH.-C-CH  OTs  + CH.=CH-Li  (ether)  > 

& 1 2 c* 

CH. 


CH, 


CH2=CH-CH2-C-CH20H  + u.m.p. 

ch3 

20$ 
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coost 

COOEt 

:h9oh 

CH„ 

CH„=CH-CH„I 

1 ,CH,-CH=CH? 

c 

,/CH 

2 

KaOEt  ^ 

nch2-ch=ch2 

nch 

COOEt 

COOET 

CH20H 

CHgOTs 

9 Vf° 

n 

.p., 

TsCl„  C 

* A 


,ch2-ch=ch2 


CH2-CH=CH2 


(xi)  C 


CH2OTs 

n.p., 

CH2OTs 

/ch2-ch=ch2 


60-61 


A 


CHn-CH=CH, 


LIAIH^  (ether)  ~ ^ u.m.p 


2 

*2 


CH2OTs 
CH2OTs 


CH-CH=CH 

(xii)  C chromous  ion^7  no  reaction 

nch2-ch=ch2 


CH2OTs 


CH2OTs 


CEL 


ch2-ch=ch2 


/ 


CH2-CH=CH2 


/ 

xiii)  C.  LiAlH),  (nBu  ether),  C 

| nch2-ch=ch2  4 | nch2-ch=ch2 

CH2OTs 


ch2oh 


n.p.,  1 7% 
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(xiv) 


(xv) 


(xvi) 


(xvii) 


CH2OTs 

I .CH„-CH=CH,  ,7 

C'  ^ LiH/LiAlH,  (THF)0l“  u.m.p. 

[nch2-ch=ch2  * 

CH2OTs 


ch2ots 

| /Ch2.ch=ch2 

C LiH/LiBH,  ( THF ) ^ no  reaction 

X CH2-CH=CH2 


CH2OTs 

CH2OTs 

?H3 

1 CH2-CH=CH2 

1/% 

-CH=CH, 

C/  LiH/LiBH,  (DMSE, 

|xch2-ch=ch2 

i*;0),  C 

1 CH2' 

-CH=CH, 

CHgOTs 

CH^ 

n.p., 

3% 

CH2OTs 

o - 

CH2-CH=CH2 

c:  LiAlH^  (DMBE,  146°)  , C 


\ 


CH0-CH=CH, 


CH2OTs 


ch2-ch»ch2 
N ch2-ch=ch2 


CH„ 


29% 


CEL 


/CH2-CH=CH2 


\ 


CH2-CH=CH2 


CH20H 


1 6% 
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CH, 


CH, 


CH.  CH.=CH-CH.0H,  CH. 

i & ' 1 L*r\  'r\-\  ' £ 


'CaCl, 


£ 


CH 


-o-ch2-ch=ch2 
■ o-ch2-ch=ch2 

n.p. , 


CH, 


,/ 


H 


■210  . 

Tdbp) 


xch2-ch=ch2 

/H 


n.p.,  48# 


CH, 


H 


CH, 


CH2-CH=CH2 

H 


CH.=CH-CH.0H 
J CaCl. 


\ 


H 


ch2-ch=ch2 


^0-CH.-CH=CH. 
CH  ^ 
x 0-CH2-CH=CH2 

n.p.,  63% 


210°. 

(DBP) 


CH, 


/Ch2-ch=ch2 


'N 


CH2-CH=CH2 

H 


n.p.,  66 % 


CH, 


(xviii)C 


/Ch2-ch=ch2 

V'CH2-CH=CH2 


NH.-NH  . KOH^ 


'(DEG) 


H 


CH, 


y 

\ 


CH.-CH=CH, 


ch2-ch=ch2 


CH, 


76% 


Notes: 

aFor  conversion  to  the  "bromide,  to  be  reacted  with  allyl  Grignard.  The 
work  was  discontinued  in  view  of  the  poor  results  obtained  by 
Russian  workers*5 * 50  with  similar  experiments. 

“Trace,  not  identified. 

u.m.p.  Unidentified  mixture  of  n.p.  New  product 

products 

THF  Tetrahydrofuran  DMES  l,2-bis-(2-methoxyethoxy)-ethane 

DBP  Dibutyl  phthalate  DEG  Diethylene  glycol 
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Solution  Spectra  of  Carbon  Analogues  of 
Ally lme thy 1 si  lane’s 

The  ultraviolet  absorption  of  heptane  and  acetonitrile  solutions 
of  4, 4-dime thy 1-1-pentene  (A1C)  and  4, 4-dime thy 1-1, 6-heptadiene  (A2C) 
was  determined.  The  values  obtained  are  shown  in  Tables  20  and  21. 

The  compounds  absorbed  in  the  180-185  mp  region,  with  extinction  co- 
efficients ranging  from  9,000  to  22,000.  Absorbance  was  plotted  vs. 
molarity  for  four  concentrations  to  check  the  adherence  to  Beer's  law 
(Figure  9):  good  adherence  was  obtained. 

TABLE  20 

X AVERAGES  OF  CARBON  ANALOGUES  OF  ALLYMETHYLSI LANES 
max  (SOLUTION  SPECTRA) 


Compound 

Solvent 

A Average 

ffiaX  (mp) 

Departures 
from  Average 

Shift  Average 
(mp) 

A1C 

heptane 

180.4 

+ 0.1# 

. 1-5 

A2C 

heptane 

181. 9 

+ 0.1# 

A1C 

acetonitrile 

181.6 

+ 0.1# 

1.1 

A2C 

acetonitrile 

182.? 

+ 0.1#. 

Table  20  shows  that  a bathochromic  shift  was  observed  between 
the  monoallyl  and  the  diallyl  compound.  The  change  in  solvent  from 
heptane  to  acetonitrile  caused  a bathochromic  wavelength  shift  which 
was  more  prone  need  for  A1C  (1.2  mp)  than  for  A2C  (0.8  mp);  as  a 
consequence,  the  A2C-A1C  shift  was  smaller. 

Table  21  shows  that  for  heptane  solutions  the  extinction 
coefficient  for  A2C  remained  below  straight  additivity.  The  change  in 
solvent  from  heptane  to  acetonitrile  caused  hypochromic  effects  which 
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Figure  9* — Adherence  to  Beer's  law  of  carbon  analogues  of  allylmethyl 
silanes  (solution  spectra). 


^heptane 


an 


acetonitrile 


TABLE  21 

EXTINCTION  COEFFICIENT  AVERAGES  OF  CARBON  ANALOGUES  OF 
ALLYLMETHYLSILANES  (SOLUTION  SPECTRA) 


Compound 

Solvent 

E Average 

Departures 
from  Average 

Additivity 
(EA1C  set  at  1) 

A1C 

heptane 

11,629 

+ 3$ 

1.0 

A2C 

heptane 

22,138 

+ 1% 

1.9 

A1C 

acetonitrile 

9,576 

+ 4$ 

1.0 

A2C 

acetonitrile 

19,893 

+ 2% 

2.1 
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verr  r. ore  pronounced  for  A1C  (18  per  cent  decrease)  than  for  A2C  (11 
per  cent  decrease);  as  a consequence,  the  A2C/A1C  ratio  became  larger. 

Gas  Phase  Spectra  of  Carbon  Analogues  of 
Allylmethyl silanes 

The  fairly  high  vapor  pressure  of  A1C  and  A2C  allowed  a com- 
plete spectroscopic  study  in  the  gas  phase.  The  absorption  bands  of 
both  A1C  and  A2C  were  resolved  in  the  gas  phase  into  shoulders  and  a 
main  peak.  The  spectroscopic  data  are  reported  in  Tables  22  and  23. 


TABLE  22 

GAS  PHASE  SPECTROSCOPIC  DATA  OF  CARBON  ANALOGUES  OF 
ALLYLMETHYLSILANES  (MAIN  PEAK) 


Compound 

X X Shift 

. max  max . . 

(rr-u;  (mp) 

E Average 

E Departures 
from  Average 

E Additivity 
(EAic  set  at  1) 

A1C 

178.5 

10,492 

co 

+ 

1.0 

1.2 

A2C 

179.7 

23,720 

+ 23  % 

2.3 

Absorbance  was  plotted  vjL*  molarity  for  four  concentrations  to 
check  the  adherence  to  Beer's  law  (Figure  10).  The  deviations  observed 
for  the  low  concentration  values  are  most  likely  due  to  the  error  intro' 
duced  by  an  incomplete  evacuation  of  the  cells  before  filling;  the 
importance  of  this  error  increases  with  decreasing  concentrations 
(pressures)  of  material,  as  shown  by  the  large  departures  from  average 
observed  for  the  extinction  coefficients  of  A2C  (Table  22).  Only  low 
concentrations  could  be  used  for  this  compound  due  to  its  lower  vapor 
pressure;  the  gas  phase  extinction  coefficient  of  A2C  is  therefore  to 
be  considered  only  indicative. 


55 


TABLE  23 

GAS  PHASE  SPECTROSCOPIC  DATA  OF  CARBON  ANALOGUES 
OF  ALLYLMETHYLSILANES  (SHOULDERS) 


Compound 

)*  (mp) 

max 

E 

A1C 

172.6 

9,140 

A1C 

I83.I 

7,998 

A1C 

189.7 

2,666 

A2C 

171.8 

15,082 

A2C 

184.6 

17,138 

A2C 

189.8 

7,998 

Table  22  shows  that  both  compounds  absorbed  at  lower  wavelength 
in  the  gas  phase  than  in  solution.  The  A2C-A1C  shift  observed  was 
smaller  than  the  one  observed  in  heptane  solution. 

Although  the  shoulders  observed  for  the  two  compounds  (Table  23) 
showed  some  analogy  in  wavelength  position,  no  definite  trend  was 
apparent. 


Discussion  of  the  Allylmethylsilane  Carbon 
Analogues  Study 

The  spectroscopic  data  obtained  for  the  two  carbon  analogues  of 
allylmethylsilane s,  especially  the  bathochromic  shift  between  the  mono- 
allyl  and  the  diallyl  compound,  and  the  values  of  the  extinction  co- 
efficient.. in  non-polar  and  polar  solvents,  show  a clear  similarity  of 
behavior  when  compared  with  the  spectroscopic  data  obtained  for  the 
allylmethylsilanes  (Chapter  II).  It  would  therefore  appear  that  silicon 
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Ll 

moles/1.  x 10 

Figure  10. — Adherence  to  Beer's  law  of  carbon  analogues  of  allyl- 
methylsilanes  (gas  phase). 

interaction  is  excluded  as  a possible  cause  of  the  bathochromic  shifts 
observed  in  the  allylmethylsilane  series. 

Silicon  interaction  is,  however,  responsible  for  the  fact  that 
the  allylsilanes  absorbed  at  a longer  wavelength  (average  shift:  10  mu) 

than  the  carbon  analogues.  As  discussed  in  Chapters  II  and  III,  the 
results  of  the  vinylsilanes  study  and  the  comparison  with  similar  sys- 
tems would  indicate  that  the  silicon  interaction  involves  mainly  one 
unsaturated  group,  subsequent  interaction  with  the  remaining  groups 
being  negligible.  In  the  vinylsilane  case,  the  amount  of  silicon 
interaction  remained  constant  throughout  the  series.  On  the  basis  of 
these  data,  it  is  proposed  that  the  amount  of  silicon  interaction  does 
not  vary  as  the  number  of  allyl  groups  present  increases,  and  such 
interaction  is,  therefore,  not  responsible  for  the  progressive  batho- 
chromic shifts  observed  in  the  allylmethylsilane  series. 
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No  shoulders  were  observed  in  the  gas  phase  spectra  of  the 
allylmethylsilanes.  The  shoulders  exhibited  by  the  gas  phase  spectra 
of  A1C  and  A2C  indicate  the  presence  of  submerged  bands  possibly 
caused  by  vibrational  interactions  making  possible  forbidden  trans- 
itions.2’ ^ These  interactions  could  be  inhibited  by  the  sili- 
con atom,  which  would  insulate  from  each  other  the  groups  attached  to 
the  central  atom. 

The  insulating  effect  could  also  account  for-  the  fact  that 
the  diallyl-monoallyl  shift  was  smaller  for  the  carbon  analogues  than 
for  the  allylmethylsilanes.  Hyperconjugative  interactions  on  the  A2C 
carbon  chain,  making  possible  a linear  conjugated  system,  could  reduce 
the  probability  of  interspatial  interactions. 

Ultraviolet  Absorption  of  Carbon  Analogues  of 
Vinylmethylsi lanes 

The  ultraviolet  absorption  of  heptane  and  acetonitrile  solutions 
of  3, 3-dime thy 1-1-butene  (VIC)  and  3 ,3-dime thy 1-1, 4-pen tadiene  (V2C) 
was  determined.  The  values  obtained  are  shown  in  Tables  24  and  25. 

The  compounds  absorbed  in  the  175-180  mp  region,  with  extinction  co- 
efficients ranging  from  10,000  to  20,000.  Absorbance  was  plotted  vs. 
molarity  for  four  concentrations  to  check  the  adherence  to  Beer's 
law  (Figure  11):  • good  adherence  was  obtained. 

The  high  vapor  pressure  of  VIC  and  V2C  allowed  a complete 
spectroscopic  study  in  the  gas  phase.*  The  absorption  bands  of  VIC 
and  V2C  showed  the  appearance  of  shoulders;  furthermore,  the  VIC 

*The  ultraviolet  spectrum  of  VIC  in  the  gas  phase  had  been  pre- 
viously reported  by  Jones  and  Taylor.  The  authors,  who  used  a vacuum 
ultraviolet  spectrophotometer,  reported  the  same  absorption  maxima,  and 
extinction  coefficients  slightly  lower,  than  the  ones  shown  in  the 
present  work. 


TABLE  24 
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A AVERAGES  OE  CARBON  ANALOGUES  OF  VINYLMETHYLSILANES 
maX  (SOLUTION  SPECTRA) 


Compound 

Solvent  ^ 

1 Average 

BaI  (mu) 

Departures 
from  Average 

Shift  Average 
(mp) 

V2C 

heptane 

175-5 

+ 0.1% 

2.3 

VIC 

heptane 

177.8 

+ 0.1% 

V2C 

acetonitrile 

178.4 

+ 0.1% 

0.6 

VIC 

acetonitrile 

179.0 

+ 0.1% 

TABLE  25 

EXTINCTION  COEFFICIET  AVERAGES  OF  CARBON  ANALOGUES  OF 

VINYLMETHYI 

.SILANES  (SOLUTION  SPECTRA) 

Compound 

Solvent 

E Average 

Departures 

Additivity 

from  Average 

(Eyic  set  at  1) 

VIC 

heptane 

15,431 

+ 2% 

1.0 

V2C 

heptane 

19,550 

+ 3$ 

1.3 

VIC 

acetonitrile 

10,760 

+ yf° 

1.0 

V2C 

acetonitrile 

15,780 

+ 2% 

1.5 

absorption 

was  resolved  into 

two  peaks  (see  Figure  13). 

The  spectro- 

scopic  data  are  reported  in  Tables  2?  and  27.  When  absorbance  was 
plotted  vs.  molarity  for  four  concentrations  (Figure  12),  it  was 
found  that  the  compounds  showed  fairly  good  adherence  to  Beer's 


law. 
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Figure  11. — Adherence  to  Beer's  law  of  carbon  analogues  of  vinylmethyl- 
silanes  (solution  spectra). 

^heptane 

3.T1 

acetonitrile 


TABLE  26 

GAS  PHASE  SPECTROSCOPIC  DATA  OF  CARBON  ANALOGIES  OF 
VINYLMETHYLSILANES  (MAIN  PEAKS) 


Compound 

w 

E Average 

E Departures 
from  Average 

VIC  main  peak 

1 74.7 

12,210 

+ 10% 

VIC  second  peak 

18  7.7 

4,120 

+ 9% 

V2C 

176.4 

15,699 

1 + 

Vi. 
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Figure  12. — Adherence  to  Beer’s  law  of  carbon  analogues  of  vinylmethyL 
silanes  (gas  phase). 

m . , 

main  peak 

Ssecond  peak 


TABLE  27 

GAS  PHASE  SPECTROSCOPIC  DATA  OF  CARBON  ANALOGUES 
OF  VINYLMETHYLSILANES  (SHOULDERS) 


Compound 

A (mp) 

max 

2 

VIC 

171.9 

11,279 

VIC 

I83.6 

7,038 

VIC 

188.7 

3,7^8 

V2C 

173-1 

15,356 

V2C 

186.7 

9,780 

6l 


Figure  13. — Ultraviolet  absorption  in  the  gas  phase  of  VI  (solid  line) 
and  VIC  (broken  line). 
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The  spectroscopic  data  obtained  afford  the  following  main 
observations: 

(i)  V2C  absorbed  at  a shorter  wavelength  than  VIC  in  solution,  at 
longer  wavelength  than  VIC  (main  peak)  in  the  gas  phase, 

(ii)  Change  in  solvent  from  heptane  to  acetonitrile  affected  V2C 
much  more  than  VIC,  so  that  the  shift  between  the  two 
compounds  was  greatly  reduced. 

(iii)  The  V2C  extinction  coefficient  was  much  short  of  additivity 

with  respect  to  VIC,  but  observation  of  the  spectra  showed 
that  the  area  under  the  V2C  spectrum  was  much  broader  than 
the  corresponding  VIC  area. 

(iv)  The  shoulders  observed  for  the  two  compounds  in  the  gas  phase 
did  not  seem  to  be  related. 


Discussion  of  the  Vinylmethylsilane  Carbon  Analogues  Study 

A contradiction  in  the  relative  position  of  the  absorption 
' axima  of  VIC  and  V2C  in  solution  and  in  the  gas  phase  was  observed. 

This  contradiction  ceases  to  exist  when  one  considers  that  solution 
bands  represent  the  average  of  various  independent  peaks,  which  can 
often  be  observed  in  the  gas  phase.  It  is  therefore  proposed  that 
the  true  absorption  maximum  of  VIC  is  the  one  of  the  main  peak  observed 
in  the  gas  phase  (Table  2 6,  Figure  13);  the  V2C  absorption  shows  there- 
fore a bathochromic  shift  over  VIC  of  1.7  mp. 

Strong  hyperconjugative  effects  should  be  present  in  VIC,  and 
even  stronger  in  V2C,  where  two  unconjugated  double  bonds  are  present. 
This  would  explain  the  V2C-V1C  bathochromic  shift,  and  would  also  explain 
why  the  bathochromic  effect  caused  by  the  change  in  solvent  from  non- 
polar to  polar  affected  V2C  much  more  than  VIC.  The  gas  phase  spectrum 
of  VIC  showed  two  peaks,  while  only  one  was  observed  for  V2C;  this 
could  be  due  to  the  different  geometry  of  the  two  molecules:  one 

additional  transition  could  be  allowed  to  the  asymmetrical  VIC  structure, 
forbidden  to  the  symmetrical  V2C  structure.  The  shoulders  observed  for 
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both  compounds  could  have  been  caused  by  vibrational  interactions, 
similar  to  the  ones  discussed  for  A1C  and  A2C. 

The  spectra  obtained  for  the  carbon  analogues  of  the  vinyl- 
silanes  were  widely  different  from  the  spectra  of  the  vinylsilanes 
themselves  (see  for  example  Figure  13)  in  shape  and  behavior.  This 
is  most  likely  due  to  the  hypercon jugative  effects  of  the  methyl  groups, 
missing  in  the  vinylsilanes,  where  the  silicon  atom  acts  as  an  effective 
insulator.  The  vinylsilanes  absorbed  at  a wavelength  only  slightly 
longer  (average  shift:  0.5  mp)  than  the  carbon  analogues;  possibly 

the  hyperconjugative  effects  present  in  the  carbon  compounds  are  as 
effective  as  the  silicon  atom  interaction  in  lowering  the  energy  of  the 
excited  state. 

In  conclusion,  (i)  the  difference  in  ultraviolet  behavior 
between  vinylsilanes  and  carbon  analogues  shows  that  silicon  inter- 
action is  undoubtedly  present  in  the  vinylsilanes;  (ii)  the  difference 
in  ultraviolet  behavior  between  the  carbon  analogues  of  vinylsilanes 
and  the  carbon  analogues  of  allylsilanes  shows  that  additional  forces 
must  be  at  work  in  the  allylsilanes. 


CHAPTER  V 


RESULTS  AND  DISCUSSION  OF  THE  ALLYLPROPYLSILANES  STUDY 

Spectroscopic  Data 

The  ultraviolet  absorption  of  isooctane  and  95  per  cent  ethanol 
solutions  of  allyl tripropyl silane  (A1P) , diallyldipropylsilane  (A2P),  and 
triallylpropylsilane  (A3P)  (all  known  compounds)  was  determined.  The 
spectroscopic  data  are  shown  in  Tables  28  to  31»  tetraallylsilane  (A4) 
value  ■ have  been  included  for  comparison.  The  compounds  absorbed  in 
the  190-200  mu  region,  with  extinction  coefficients  ranging  from  10,000 
to  30,000.  Absorbance  was  plotted  vs.  molarity  for  four  concentrations 
to  check  the  adherence  to  Beer's  law  (Figures  14  and  15):  good 

adherence  was  obtained  for  both  solvents.  The  low  vapor  pressure  of 
allylpropylsi lanes  did  not  allow  any  gas  phase  determinations. 

TABLE  28 

A v AVERAGES  OF  ALLYLPROPYLSILANES  (ISOOCTANS  SOLUTIONS) 
max 


Compound 

/max 

Average 

(mu) 

Departures 
from  Average 

Shift 

Average 

(mu) 

Shift  Additivity 
(A2P-A1P  shift  set 
at  l) 

A1P 

194.5 

+ 0.2$ 

1.3 

1.00 

A2P 

195.8 

+ 0.2$ 

0.6 

0.46 

A3P 

196.4 

+ 0.1$ 

0.3 

0.23 

A4a 

198.? 

- 

aThis  spectrum  was  obtained  at  the  same  time  as  the  allylpropyl- 
silanes.  Deviation  from  Table  3:  + 0.25$. 
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Figure  14.— Adherence  to  Beer's  law  of  allylpropylsilanes  (isooctane 
solutions. 


TABLE  29 

EXTINCTION  COEFFICIENT  AVERAGES  OF  ALLYLPROPYLSILANES 
(ISOOCTANE  SOLUTIONS) 


Compound 

E Average 

Departures 
from  Average 

Additivity 
(EAip  set  at  1) 

A1P 

10,129 

vr\ 

+ 1 

1.0 

A2P 

18,626 

+ 5% 

1.8 

A3P 

27,343 

+ 

2.7 

A4a 

37,271 

+ 6$ 

3.7 

aFrom  Table  4. 
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TABLE  30 

> AVERAGES  OE  ALLYLPROPYLSILANES  (ETHANOL  SOLUTIONS) 
max 


Compound 

Departures 

Shift 

Shift  Additivity 

Average 

from  Average 

Average 

(A2P-A1P  shift 

(myO 

(mvO 

set  at  1) 

A1P 

194.9 

+ 0.1$ 

1-3 

1.00 

A2P 

196.2 

+ 0.0$ 

“ 

0.8 

0.61 

A3P 

197.0 

+ 0.0$ 

0.4 

0.31 

A4a 

197.4 

- 

^This 

spectrum  was 

obtained  at  the 

same  time 

as  the  allyl- 

propylsilanes 

. Deviation 

from  Table  6:  + 

0.2$. 

TABLE  31 

EXTINCTION  COEFFICIENT  AVERAGES  OF  ALLYLPROPYLSILANES 
(ETHANOL  SOLUTIONS) 


Compound 

E Average 

Departures 
from  Average 

Additivity 
(EAlp  set  at  1) 

A1P 

9,670 

1 + 

On 

1.0 

A2P 

17,715 

+ 4$ 

1.8 

A3P 

26,347 

+ 3% 

2.7 

A4a 

35,954 

+ 2$ 

3-7 

aFrom  Table  7. 


67 


Figure  15* — Adherence  to  Beer's  law  of  allylpropylsilanes  (ethanol 
solutions) . 

Observation  of  the  spectroscopic  data  obtained  shows  that  for 
both  nonpolar  and  polar  solutions,  increasing  the  degree  of  allyl 
substitution: 

(i)  A progressive  bathocromic  shift  occurs. 

(ii)  The  bathochromic  shifts  decrease  asymptotically. 

(iii)  The  extinction  coefficients  increase  progressively,  but  remain 
10  per  cent  short  of  straight  additivity. 

With  a change  in  solvent  from  isooctane  to  95  per  cent  ethanol, 

the  bathochromic  shifts  and  hypochromic  effects  observed  showed  almost 

no  change  with  increasing  allyl  substitution  (hypochromic  effects  in 

brackets) : 


A1P 

0.4  mp 

(4.5*) 

A2P 

0.4  mp 

(4.9*) 

A3P 

0.4  mp 

(3«6*) 
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Discussion 

The  spectroscopic  data  obtained  for  the  allylpropylsilanes, 
such  as  the  asymptotically  decreasing  bathochromic  shifts,  and  the 
numerical  values  of  the  extinction  coefficients,  show  a very  close 
similarity  to  the  spectroscopic  data  obtained  for  the  allylmethylsilanes 
(Chapter  II).  No  structure  effects  could  be  present  in  the  allylpropyl- 
silanes, where  the  only  change  occurring  with  increasing  allyl  sub- 
stitution is  the  removal  of  two  hydrogens;  it  would  therefore  appear 
that  structure  effects  are  excluded  as  a sole  possible  cause  of  the 
bathochromic  shifts  observed  in  the  allylmethylsilane  series. 

Structure  effects  of  inductive  nature,  however,  are  responsible 
for  the  fact  that'  the  allylpropylsilanes  absorbed  at  a longer  wavelength 
than  the  allylmethylsilanes,  with  AP-A  shifts  progressively  decreasing 
with  increasing  allyl  substitution  (average  shifts:  1.7*  0*9*  0.6  mu), 

as  expected  from  the  decrease  in  amount  of  structure  change  occurring; 
inductive  effects  must  therefore  be  contributing  to  the  bathochromic 
shifts  observed  in  the  allylmethylsilane  series.  Their  total  amount  of 
contribution  should  be  given  by  the  difference  in  maximum  total  shift 
tetraallyl-monoallyl  obtained  for  the  two  series  (allylmethylsilanes, 

3.9  mu;  allylpropylsilanes,  2.5  mu),  namely  1.4  mu. 

Steric  effects  in  the  allylpropylsilane  series  should  also  be 
considered;  however,  these  effects  appear  contradictory.  Propyl  groups 
would  be  expected  to  increase  the  ease  of  formation  of  the  conjugative 
structures  Shown  in  Chapter  II;  however,  the  molecular  motions  of  the 
propyl  groups  would  be  expected  to  reduce  the  stability  of  the  same 
structures.  Steric  acceleration  in  cyclopolymerization  (which  was  shown 
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in  Chapter  II  to  he  related  to  the  interactions  observed)  has  not  yet 

been  established;  when  t-butyldiallylamine  and  diallylamine  were 

cyclopolymerized  under  the  same  conditions,  saturated  intra-intermolecu- 

3 

lar  cyclic  polymers  were  obtained  from  both  monomers. 

In  the  allylmethylsilane  series,  with  a change  in  solvent  from 
isooctane  to  95  per  cent  ethanol,  the  bathochromic  shift  and  hypochromic 
effect  observed  were  more  pronounced  for  allyltrimethylsilane  than  for 
the  other  allylmethylsilanes;  as  a consequence,  the  total  bathochromic 
shift  A4-A1  was  decreased,  and  the  extinction  coefficient  ratios  reached 
additivity.  In  the  ally lpropylsi lane  series,  on  the  contrary,  the  batho- 
chromic shift  and  hypochromic  effect  observed  for  A1P  with  a change  in 
solvent  from  isooctane  to  95  per  cent  ethanol  were  nearly  the  same  as 
the  ones  obtained  for  the  other  allylpropylsilanes;  as  a consequence, 
the  total  bathochromic  shift  A4-A1P  was  not  decreased  (it  actually  in- 
creased slightly)  and  the  extinction  coefficient  ratios  remained  un- 
changed. It  is  suggested  that  the  difference  in  behavior  is  due  to 
steric  hindrance  to  solvation  in  the  allylpropylsilane  series;  this 
hindrance  should  be  at  its  maximum  in  A1P,  which  differs  the  most  from 
its  methyl  analogue  Al.  Propyl  groups  would  greatly  hinder  the  form- 
ation of  solvated  complexes  such  as  XII  (Chapter  II). 


CHAPTER  VI 


RESULTS  AND  DISCUSSION  OF  THE  ALL YLDI METHYL V I NYLS I LANE  STUDY 

Spectroscopic  Data 

The  ultraviolet  absorption  of  heptane  and  acetonitrile  solutions 
of  allyldimethylvinylsilane  (AV),  a new  product  previously  synthesized 
in  this  laboratory  by  R.  W.  Stackman,?0  was  determined.  The  spectro- 
scopic data  are  reported  in  Table  32;  the  table  includes  absorption 


TABLE  32 

SPECTROSCOPIC  DATA  OF  ALLYLDIMETHYLVINYLSILANE 


Absorption 

Phase 

'‘'max 

Average 

(mu) 

Departures 

from 

Average 

E 

Average 

Departures 

from 

Average 

AV  peak 

heptane 

solution 

177.4 

+ 0.3# 

20,433 

+ 1# 

AV  peak 

acetonitrile 

solution 

177.7 

+ 0.5# 

18,395 

+ 3$ 

AV  peak 

gas 

178.2 

- 

- 

- 

AV  shoulder 

heptane 

solution 

193.9 

+ 0.3# 

14,974 

1 % 

AV  shoulder 

acetonitrile 

solution 

193.9 

+ 0.2# 

13,817 

+ 4# 

AV  shoulder 

gas 

190.8 

. - 

- 

- 

maxima  obtained  in  the  gas  phase  (the  low  vapor  pressure  of  the  compound 
did  not  allow  a determination  of  the  extinction  coefficients).  The 
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Figure  l6. — Adherence  to  Beer's  law  of  allyldimethylvinylsilane 
(solution  spectra). 

neptane 

anacetonitrile 

^shoulder 

absorbance  of  solution  spectra  was  plotted  vs.  molarity  for  four 
concentrations  to  check  the  adherence  to  Beer's  law  (Figure  l6):  good 

adherence  was  obtained. 

The  ultraviolet  absorption  of  the  compound  showed  for  all  media 

a peak  in  the  177— 178  mp  region  and  a shoulder  in  the  190-194  mu  region, 

with  extinction  coefficients  ranging  around  19,000  and  14,000  respectively. 

The  flat  contour  of  the  shoulder  did  not  allow  a very  accurate  A _ 

max 

determination. 

A small  bathochromic  shift  (at  least  for  the  peak  value)  and  a 
hypochromic  effect  was  observed  with  a change  in  solvent  from  heptane  to 
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acetonitrile.  The  absorbance  in  the  gas  phase  showed  a hypsochromic 
shift  over  solution  spectra  for  the  shoulder,  but  a slight  bathochromic 
shift  for  the  peak  value. 

Discussion 

AV  scale  models  show  that  any  interaction  of  the  intra-inter- 

molecular  type  (terminal  carbon  atom  of  one  double  bond  interacting  with 

the  inside  carbon  atom  of  the  other  double  bond)  is  highly  strained,  and 

70 

very  unlikely;  attempts  by  Stackman'  to  cyclopolymerize  the  material  were 
not  successful.  Alternate  structures  such  as  XXV  appear  also  unlikely, 
due  to  the  reduced  capacity  of  charge  stabilization. 

,CH 

CH  CH_ 

\ / 2 

A 

CH3  xCH3 
XXV 

These  conclusions  are  supported  by  the  AV  ultraviolet  spectrum, 
which  showed  two  independent  absorptions,  one  in  the  vinyl  silane  region 
and  one  in  the  allyl silane  region.  Particularly  significant  is  the  fact 
that  two  absorptions  were  present  both  in  the  gas  phase  and  in  solution, 
eliminating  vibronic  interactions  as  a possible  cause  of  the  shoulder. 
Interaction  between  the  two  unconjugated  double  bonds  would  have  been 
expected  to  give  one  peak  only  or,  at  any  rate,  a spectrum  different 
from  the  original  components. 


CHAPTER  VII 


CONCLUSIONS 

The  progressive  batho chromic  shifts  observed  for  the  allylmethyl- 
silane  series  could  not  be  due  to  silicon  d orbital  participation  because 
a bathochromic  wavelength  shift  was  observed  between  the  first  two  car- 
bon analogues  of  the  allylmethyl si lanes.  They  could  not  be  due  solely 
to  structure  effects  from  progressive  replacement  of  methyl  with  allyl 
groups  because  progressive  bathochromic  shifts  were  observed  for  the 
aliylpropylsilane  series,  where  no  structure  changes  occur. 

Silicon  interaction  is  present  because  the  allylmethylsilanes 
absorbed  at  a longer  wavelength  (average  shift:  10  mu)  than  the  carbon 

analogues;  this  interaction  appears  to  affect  all  the  allylmethylsilanes 
in  equal  amount.  Structure  effects  are  present  because  the  maximum 
total  shift  tetraallyl-monoallyl  observed  for  the  aliylpropylsilane 
series  (2.5  mp)  was  smaller  than  the  one  observed  for  the  allylmethyl- 
silane  series  (3*9  mp). 

It  is  proposed  that  the  progressive  bathochromic  shifts  observed 
for  the  allylmethylsilane  series  are  due  to  a homoconjugative  inter- 
spatial  interaction  between  the  double  bonds,  leading  to  pseudo-butadiene, 
pseudo-hexatriene,  and  pseudo-octatetraene  structures.  The  conjugative 
character  of  the  interaction  is  shown  by  similarity  in  the  behavior  of 
the  spectroscopic  data  of  allylsilane  series  and  conjugated  polyene 
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series.  Furthermore,  vinylmethylsilanes,  where  such  structures  could 
not  he  drawn,  did  not  show  any  bathochromic  shifts  with  increasing 
vinyl  substitution;  allyidimethylvinylsilane,  where  a pseudo-conjugative 
structure  is  highly  unlikely,  showed  independent  allyl  and  vinyl  ab- 
sorptions. The  conjugative  character  of  the  interaction  is  also  sup- 
ported by  a linear  relationship  between  absorption  frequencies  and 
HMO  Am  values  for  the  pseudo-conjugated  structures  postulated  (k 
[partial  bond]  : 0.6£),  and  by  very  close  numerical  values  for  the 

frequency  shift  ratios  and  theAAm  ratios. 

It  is  found  that  the  structures  drawn  for  the  ultraviolet  ex- 
cited state  of  the  allylsilanes  coincide  with  the  structures  postulated 
for  the  transition  state  of  intra-intermolecular  cyclopolymerization. 

All  the  polyallylmethylsilanes  studied  have  been  cyclopolymerized  to 
soluble  polymers,  and  kinetic  studies  on  the  free-radical  polymerization 
of  allylmethylsilanes  gave  activation  energy  ratios  close  in  numerical 
value  to  the  shift  ratios  obtained  from  the  ultraviolet  study. 


CHAPTER  VIII 


EXPERIMENTAL 
Equipment  and  Data 

Temperatures  reported  are  uncorrected  and  in  degrees  centigrade. 

Refractive  indices  were  determined  with  a Bausch  & Lomb  Abbe  34 
Refractometer  equipped  with  an  achromatic  compensating  prism. 

Vapor  phase  chromatographic  (VPC)  analyses  were  carried  out  with 
an  F & M Model  7 00  Laboratory  Chromatograph  using  helium  as  effluent  gas 
and  a fifteen-foot  20  per  cent  FFAP*  column  and/or  an  eight-foot  10  per 
cent  diisodecylphthalate  column. 

Infrared  spectra  were  obtained  with  a Perkin-Elmer  Infracord 
Infrared  Recording  Spectrophotometer;  the  infrared  absorption  values 
are  reported  in  microns. 

Nuclear  magnetic  resonance  (NMR)  spectra  were  obtained  with  a 
Varian  V-4302  High  Resolution  Nuclear  Magnetic  Resonance  Spectrometer. 

Elemental  analyses  were  performed  by  Galbraith  Laboratories, 
Knoxville,  Tennessee. 

All  reagents  used  were  distilled,  reagent  grade,  products. 

Ultraviolet  spectra  were  obtained  with  a nitrogen  flushed  Beckman 
Model  DK-2A  Ratio  Recording  Spectrophotometer  equipped  with  far  ultra- 
violet silica  optics  and  cells.  Wavelengths  were  calibrated  with  mercury 
emission  lines.  Experimental  details  are  given  in  the  next  section. 

^Trademark,  Wilkens  Instruments  & Research,  Inc. 
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Experimental  Procedures  in  the  Ultraviolet  Study 
Nitrogen  purge . -—A  nitrogen  purge  of  1.5  cu.ft./min.  was  used 
below  190  mu;  of  0.3  cu.ft./min.  between  190  and  210  mu. 

Solution  spectra. — The  path  lengths  and  concentrations  used  are 
reported  in  Table  33*  When  series  of  compounds  were  studied  (e.g.  Al, 
A2,  A3,  A4),  series  of  spectra  having  the  same  concentration  were  ob- 
tained on  the  same  sheet  of  chart  paper. 


TABLE  33 

PATH  LENGTHS  AND  CONCENTRATIONS  USED  IN  THE  ULTRAVIOLET  STUDY 


Absorption 

Path  Length  (mm) 

Molarity 

Above  190  mu 

0.10 

0.5  x 10"3 

0.10 

1.0  x 10~3 

0.10 

1.5  x 10"3 

0.10 

2.0  x 10"3 

0.03 

1.0  x 10’2 

Below  190  mu 

0.03 

2.0  x 10-3 

0.03 

4.0  x 10’3 

0.03 

6.0  x 10~3 

0.03 

8.0  x 10"3 

0.03 

1.0  x 10"2 

Gas  phase  spectra. — Pressures,  ranging  between  1 and  15  mm., 
were  measured  with  a Dubrovin  gauge  (Welch  Scientific  Company),  at 
constant  temperature  (20°).  Molarities  were  obtained  from  the  formula 


M = 


RT 


(from  the  gas  law,  PV  = nRT;  M = n.)  where  P is  pressure  in 

V 
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atmospheres,  or  nmu_,  R = 8.205  x 10"  1. atm. /mole  deg.  and  T = °K.  Two 
760 

sets  of  matched  cells  were  available,  of  1 and  10  mm.  path  length.  The 
1 mm.  cells  allowed  quantitative  determinations  and  extinction  co- 

efficients) of  compounds  boiling  up  to  100°.  The  10  mm.  cells  allowed 
qualitative  determinations  (>ffiax  only)  of  compounds  boiling  up  to  180°, 
because  the  low  pressures  to  be  used  could  not  be  measured  accurately. 
Where  quantitative  determinations  were  possible,  spectra  of  the  same 
compound,  at  four  different  pressures  (e.g.  2,  4,  6,  8 mm.),  were  ob- 
tained on  the  same  sheet  of  chart  paper;  the  Affiax  value  reported  was 
the  one  of  the  sharpest  peak  obtained  (highest  pressure);  to  test  the 
pressure  measurement,  two  or  more  spectra  with  newly  filled  cells  were 
run  for  each  pressure  value. 


Solvents. — Solvents  were  used  as  received.  Spectral  grades 
were  used  for  isooctane  (Fisher  Scientific  Co.),  heptane  (Fisher 
Scientific  Co.),  acetonitrile  (Eastman  Organic  Chemicals);  technical 
grade  for  95  per  cent  ethanol  (Union  Carbide). 

Materials.-— All  the  compounds  studied  were  redistilled  materials, 
gas-chromatographically  pure.  The  available  amount  of  3, 3-dimethyl -1, 
4-pentadiene  did  not  allow  distillation  of  the  material;  VPC  analysis 
showed  that  the  product  was  95  per  cent  pure:  the  product  was  used  as 

such,  then  a small  amount  was  brought  to  100  per  cent  purity  by  prepa- 
rative chromatography;*  a gas  phase  spectrum  of  the  100  per  cent  purity 
material  was  found  identical  to  the  gas  phase  spectra  obtained  with  the 
95  per  cent  purity  material. 


^Aerograph  Autoprep  Model  A ?00,  Wilkens  Instruments  & Research, 
Inc.;  eight-foot  20  per  cent  FFAP  column. 


Source  of  Materials  Commercially  Available 


Allyltrimethylsilane,  diallyldimethylsilane,  trimethyl vinyl- 
silane,  dimethyldivinylsilane,  and  tetravinylsilane  were  obtained  from 
Peninsular  ChemRsearch,  Inc.;  3*3-dimethyl-l-butene  and  4, 4-dimethyl -1- 
pentene  were  obtained  from  Columbia  Organic  Chemicals. 

Synthesis  of  Known  Compounds  Not  Commercially  Available 

Allylmagnesium  Bromide. — In  a 5 1*  three-necked  flask  previously 
flamed  out  and  flushed  with  nitrogen  (a  nitrogen  static  pressure  was 
maintained  throughout  the  preparation),  fitted  with  stirrer,  reflux 
condenser,  and  addition  funnel,  was  placed  146  g.  (6  g.  atoms)  of 
magnesium  turnings  and  3 1.  of  dry  ether.  Stirring  was  started,  then 
a few  mis.  of  allyl  bromide  out  of  a total  of  364  g.  (3  moles)  was 
added;  when  the  ether  began  to  reflux,  the  flask  was  cooled  with  an 
ice-bath,  and  the  remainder  of  the  allyl  bromide,  diluted  with  an 
equal  volume  of  ether,  was  added  dropwise  over  a period  of  10.5  hours. 
VIhen  the  addition  was  completed,  the  flask  was  stirred  for  one  additional 
hour  at  r.  t.,  then  the  yellow-grey  solution  was  decanted  through  a 
glass  wool  plug.  Yield  (determined  by  titration):  78  per  cent. 

Triallylmethyl silane. — In  a 2 1.  three-necked  flask  previously 
flamed  out  and  flushed  with  nitrogen  (a  nitrogen  static  pressure  was 
maintained  throughout  the  preparation),  fitted  with  stirrer,  reflux  con- 
denser, and  addition  funnel,  was  placed  1360  ml.  of  0.?1  N ether  solu- 
tion (O.966  mole)  of  allylmagnesiura  bromide;  stirring  was  started,  then 
50  g.  (0.322  mole)  of  allylmethyldichlorosilane  (Peninsular  ChemRsearch, 
Inc.)  was  added  rapidly,  dropwise.  A slightly  exothermic  reaction 
occurred;  a white  precipitate  started  to  form  near  the  end  of  the 
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addition.  Ether  was  distilled  off  through  a water  aspirator  until  a 
temperature  of  60°  was  reached  (incipient  evolution  of  white  smokes), 
then  300  ml.  of  dry  benzene  was  added,  and  stirring  and  refluxing  was 
continued  for  12  hours.  The  reaction  mixture  was  then  cooled  with  an 
ice-bath,  and  hydrolyzed  by  cautious  addition  of  1 N hydrochloric  acid 
until  acidic  reaction  was  obtained.  The  organic  layer  plus  one  ether 
extract  were  washed  with  water,  then  dried  over  anhydrous  magnesium 
sulfate.  After  removal  of  the  solvent,  fractionation  gave  27.4  g. 

(51.2$)  of  triallylmethylsilane.  After  two  further  fractionations,  7.9  g. 
of  VPC  pure  product  b.p.  62.5°  (10  mm.),  n20  1.4669  (reported:^ 
b.p.  180. 3°,  n20  1.4662)  was  obtained. 

Tetraallylsilane. — The  product  was  obtained  using  the  same 
procedure  outlined  for  triallylmethylsilane  from  0.828  mole  of  allyl- 
magnesium  bromide  and  50  g.  (0.2 76  mole)  of  diallyldichlorosilane 
(Peninsular  ChemRsearch,  Inc.).  One  fractionation  gave  41.3  g. 

(7 8.0$)  of  tetraallylsilane;  after  two  further  fractionations,  15.6  g. 
of  VPC  pure  product  b.p.  54.5°  (1  mm.),  n20  1.4864  reported:2^  b.p. 
102-103°  (15  mm.),  n^°  1.4864)  was  obtained. 

Me thyltri vinyl  si lane. — In  all.  three-necked  flask  previously 
flamed  out  and  flushed  with  nitrogen  (a  nitrogen  static  pressure  was 
maintained  throughout  the  preparation),  fitted  with  stirrer,  reflux 
condenser,  and  addition  funnel,  was  placed  333  ml.  of  3*0  M tetrahydrofuran 
solution  (1.0  mole)  of  vinylmagnesium  chloride  (Peninsular  ChemResearch, 
Inc.),  then  46.5  g.  (0.33  mole)  of  vinylmethyldichlorosilane  (Peninsular 
ChemResearch,  Inc.)  in  50  ml.  of  dry  tetrahydrofuran  was  added  dropwise, 
with  stirring,  over  a three-hour  period.  On  addition,  a slightly  exo- 
thermic reaction  was  observed,  and  the  reaction  mixture  became  fairly 
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viscous.  After  further  stirring  at  r.t.  for  two  hours,  the  reaction 
mixture  was  cooled  with  an  ice-bath,  and  hydrolyzed  hy  dropwise 
addition  of  1 N hydrochloric  acid  until  acidic  reaction  was  obtained. 

The  organic  layer  plus  one  ether  extract  were  washed  with  water,  then 
dried  over  anhydrous  magnesium  sulfate.  After  removal  of  the  solvent 
under  reduced  pressure,  fractionation  gave  13.4  g.  (32 .7%)  of  methyl- 
trivinyl  silane.  Refractionation  gave  8.2  g.  of  VPC  pure  product, 
b.p.  49.5°  (100  mm.),  n20  1.4422  (reported:71  b.p.  107.6°,  n25  1 

Allyltripropylsilane. — In  all.  three-necked  flask  previously 
flamed  out  and  flushed  with  nitrogen  (a  nitrogen  static  pressure  was 
maintained  throughout  the  preparation),  fitted  with  stirrer,  reflux  con- 
denser, and  addition  funnel,  was  placed  500  ml.  of  0.74  N ether  solu- 
tion (0.362  mole)  of  allyl magnesium  bromide,  then  46.5  g.  (0.241  mole) 
of  tripropylchlorosilane  (Peninsular  ChemRsearch,  Inc.)  in  50  ml.  of  dry 
ether  was  added  dropwise,  with  stirring,  over  a 40  minute  period.  A 
mild  exothermic  reaction  was  observed,  and  a precipitate  formed.  After 
further  six  hours  of  stirring  at  r.t.  the  reaction  mixture  was  hydro- 
lyzed by  pouring  over  cracked  ice  and  1 N hydrochloric  acid.  The 
organic  layer  plus  one  ether  extract  were  washed  with  saturated  salt 
solution  and  dried  over  anhydrous  magnesium  sulfate.  After  removal  of 
the  solvent,  fractionation  gave  37.9  g.  (79.4$)  of  allyltripropylsilane. 
After  refractionation,  27.8  g.  of  VPC. pure  product  b.p.  86.5-86.8° 

(9  mm.),  n20  1.4492  (reported:72  b.p.  217°,  n2°  1.4490)  was  obtained. 

Tri allyl propyl  silane. — The  product  was  obtained  using  the  same 
procedure  outlined  for  allyltripropylsilane  from  I.92  mole  of  allyl - 
magnesium  bromide  and  75.9  g.  (0.427  mole)  of  propyltrichlorosilane 
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(Peninsular  ChemRsearch) . A two-hour  addition  time  was  required,  due 
to  the  occurrence  of  an  exothermic  reaction.  Fractionation  gave  66.8  g. 
(80.0$)  of  triallylpropylsilane;  on  refractionation,  60.0  g.  of  YPC 
pure  product  h.p.  86°  (9  mm.),  n^  1.4728  (reported:^  b.p.  218.3°, 
n^°  1.4705)  was  obtained.  The  infrared  spectrum  (values  identical 
with  the  ones  reported  for  diallyldipropylsilane)  confirmed  the  syn- 
thesis of  the  material. 

n-Propyl  lithium. —In  a 500  ml.  three-necked  flask  previously 
flamed  out  and  flushed  with  nitrogen  (a  nitrogen  static  pressure  was 
maintained  throughout  the  preparation),  fitted  with  stirrer,  low 
temperature  thermometer,  and  addition  funnel,  was  placed  250  ml.  of  dry 
ether,  then  11.1  g.  (1.6  g.  atom)  of  lithium  wire  was  cut  into  the 
flask.  Stirring  was  started,  then  about  forty  drops  of  a solution  of 
80.0  g.  (O.65  mole)  of  1-bromopropane  (Eastman  Organic  Chemicals)  in 
75  ml.  of  ether  was  added;  the  flask  was  cooled  to  -10°  with  a dry  ice- 
isopropanol  bath  as  soon  as  the  reaction  started,  and  kept  at  that 
temperature  during  the  addition  of  the  remainder  of  the  1-bromopropane 
solution  (40  minutes).  When  the  addition  was  completed,  the  reaction 
mixture  was  slowly  warmed  up  to  r.t.  over  2.5  hours,  then  decanted 
through  a glass  wool  plug.  Yield  (determined  by  titration):  97-5  per 

cent. 

Diallyldipropylsilane. — The  experimental  procedure  followed  for 
the  other  allylpropylsilanes  gave  only  an  impure  product  when  applied  to 
diallyldipropylsilane;  a pure  product  was  obtained  as  follows.  In  a 1 1. 
three-necked  flask  previously  flamed  out  and  flushed  with  nitrogen  (a 
nitrogen  static  pressure  was  maintained  throughout  the  preparation), 
fitted  with  stirrer,  reflux  condenser,  and  addition  funnel,  was  placed 
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a n-propyl  lithium  solution  prepared  from  7. 8 g.  (1.13  g.  atom)  of 
lithium  in  200  ml.  of  ether  and  56.5  g.  (0.46  mole)  of  1-hromopropane 
in  100  ml.  of  ether.  The  n-propyl  lithium  solution  was  diluted  with 
200  ml.  of  ether,  then  28.7  g.  (O.158  mole)  of  carefully  fractionated 
(h.p.  81°  £50  mm.j  ) diallyldichlorosilane  (Peninsular  ChemResearch, 

Inc.)  was  added  dropwise,  with  stirring,  over  a 1.5  hour  period,  while 
cooling  with  a salt-ice  hath.  After  further  stirring  and  cooling  for 
20  minutes,  the  reaction  mixture  (containing  a white  precipitate)  was 
poured  over  cracked  ice  and  150  ml.  of  1 N hydrochloric  acid.  The 
organic  layer  plus  one  ether  extract  were  washed  with  saturated  salt 
solution,  then  dried  over  anhydrous  magnesium  sulfate.  After  removal, 
of  the  solvent  hy  distillation,  fractionation  gave  6.2  g.  ( 20.0 %)  of 
VPC  pure  diallyldipropyl silane,  h.p.  89°  (10  mm.),  n^°  1.4598,  d70 
0.8050  (reported:73  h.p.  76-78°  [2  mm.]  , n70  1.4555,  djj°  0.8050).  Due 
to  the  discrepancy  in  the  refractive  index,  the  synthesis  of  the  com- 
pound was  confirmed  hy  elemental  analysis  and  infrared  spectrum.  In- 
frared spectrum:  absorptions  at  3.23,  3-38  (CH^);  3.40,  6. 92  (CH2-); 

3.47,  7.23  (CH3-);  6.18,  7.10,  10.12,  11.20  (vinyl);  6.88  (n-propyl); 

8.70,  12.25,  12.80  (Si-C);  8.35,  9.40  (Si-C  ?);  7.55,  10. 76  (unidentified). 

Anal.  Calcd.  for  C^H^Si:  C,  73-38;  H,  12.32;  Si,  14.30. 

Found:  C,  73*58;  H,  11.94,  Si,  14.33. 

3,3-Diraethyl-l,4-pentadiene. — The  product  had  been  previously 
prepared  in  this  laboratory  hy  R.  3.  Kasat,  following  an  established 

nc 

procedure.' J 

All vl dimethyl vinyl  si lane. — This  previously  unreported  product 
had  oeen  obtained  hy  R.  W.  Stackman7^  in  this  laboratory  using  the 
same  procedure  outlined  for  me thyltri vinyl  si lane. 
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Synthesis  of  4, 4-Dime thyl-l,6-heptadiene 

Propionaldehyde  diallyl  acetal. — In  a screw-cap  gallon  bottle 
was  placed  1072  g.  (18.4  moles)  of  allyl  alcohol  (Eastman  Organic 
Chemicals)  and  444  g.  (4moles)  of  anhydrous  calcium  chloride  (Fisher 
Scientific  Co.).  The  mixture  was  cooled  to  5°  with  a salt- ice  bath, 
shaking  frequently,  then  465  g.  (8  moles)  of  propionaldehyde  (Eastman 
Organic  Chemicals)  was  slowly  added  down  the  sides  of  the  bottle  so  as 
to  form  a layer  on  the  alcoholic  calcium  chloride.  The  bottle  was  then 
sealed  with  the  screw-cap  and  shaken;  an  exothermic  reaction  took  place. 
After  occasional  shaking  at  r.t.  for  two  days,  enough  water  to  dissolve 
the  calcium  chloride  was  added,  then  the  upper  layer  was  washed  four 
times  with  large  amounts  of  water,  and  dried  over  anhydrous  magnesium 
sulfate.  Fractionation  (under  nitrogen,  cuprous  chloride  added)  gave 
852  g.  (68.2$)  of  propionaldehyde  diallyl  acetal  (a  new  product),  b.p. 

81. 5°  (43  mm.),  n^°  1.4277,  d^°  0.8713.  Infrared  spectrum:  absorptions 

at  3.25,  3.38  (CH2=);  3.41  (CHg-);  3-50,  6.85,  7. 25  (CH^);  6.08,  7. 09, 
9.20,  10.05,  10.90  (vinyl);  8.75  ( C— 0) ; 9 .6  (weak,  unidentified). 

Anal.  Calcd.  for  C^H^Og:  C,  69. 19;  H,  10.32.  Found:  C,  69.27; 

H,  10.32. 

2-Methyl-4-pentenal. — In  a 2 1.  three-necked  flask  fitted  with 
a thermometer  with  Therm-0 -Watch* *  electronic  temperature  controller, 
addition  funnel,  gas  inlet,  and  a one-foot  vacuum- jacketed  column 
packed  with  Raschig  rings  and  topped  by  a still-head,  was  placed  500  g. 
of  dibutyl  sebacate  and  a trace  of  cuprous  chloride.  A stream  of  nitrogen 
was  started,  then  the  dibutyl  sebacate  was  heated  to  210°  and  kept  at 
that  temperature  while  850  g.  (5.44  moles)  of  propionaldehyde  diallyl 

2 

*1  R Instruments,  Inc.,  Cheltenham,  Pennsylvania. 
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acetal  was  added  dropwise,  over  a nine-hour  period.  Distillate  was 

collected  during  this  time,  at  a temperature  ranging  from  85  to  120°. 

After  the  addition  was  completed,  the  temperature  was  raised  to  260° 

to  collect  all  the  product.  The  distillate  (823  g.)  was  washed  with 

water  to  remove  the  allyl  alcohol  present,  then  dried  over  anhydrous 

magnesium  sulfate.  Fractionation  (under  nitrogen,  cuprous  chloride 

added)  gave  a series  of  fractions  found  "by  VPC  to  have  the  following 

composition:  recovered  propionaldehyde  diallyl  acetal:  241.4  g. 

(28.4$);  2-methyl-4-pentenal:  257.9  g.  (48.3$);  2-allyl-2-methyl-4- 

pentenal,  3*1  g.  (2.2$).  Refractionation  of  the  fractions  b.p.  117-120° 

gave  94.8  g.  of  pure  2-methyl -4-pentenal  (a  new  product*),  b.p.  118-118.5°, 
20  20 

n^  1.4204,  d^  0.8397.  Infrared  spectrum:  absorptions  at  3*32,  3*3^» 

3.52  (CH2=);  3.41,  6.89  (CH2~);  3-69  (aliphatic  aldehyde);  5*80  (C=0); 

6.08,  7.04,  7.10,  10.05,  10.90  (vinyl);  7. 28  (CH^-). 

Anal.  Calcd.  for  C^H^O:  C,  73-42;  H,  10.27.  Found:  C, 

73.10;  H,  10.38. 

2,4-Dinitrophenylhydrazone:  m.p.  101-102°.  Anal.  Calcd.  for 

C12Hl4N404:  C,  51.79;  H,  5-07;  N,  20. 13.  Found:  C,  51-56;  H,  5-3^; 

N,  20.13. 

2-Methyl -4-pentenal  diallyl  acetal. — The  product  was  obtained 
using  the  same  procedure  outlined  for  propionaldehyde  diallyl  acetal 
from  129  g.  (2.22  moles)  of  allyl  alcohol,  53-7  g.  (0.483  mole)  of  an- 
hydrous calcium  chloride,  and  94.8  g.  (0 . 965  mole)  of  2-me thyl -4-pentenal . 
Fractionation  (under  nitrogen,  cuprous  chloride  added)  gave  119.5  g. 

(63.1$)  of  2-methyl -4-pentenal  diallyl  acetal  (a  new  product),  b.p. 

99°  (19  mm.),  n^°  1.4456,  d^°  0.8797.  Infrared  spectrum:  absorptions 

*The  compound  is  mentioned  in  a Russian  abstract'  among  the 
products  obtained  from  alkali  cleavage  of  diallylammonium  salts,  but  no 
physical  constants  are  given. 
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at  3.25,  3.36  (CH2=);  3.41,  6.98  (CH2-);  3. 50,  6.85,  7-18  (CH^-);  6.08, 
7.06,  9.25,  10.05,  10.80  (vinyl);  8.98  (C-0);  7.35,  ?. 88  (unidentified). 

Anal.  Calcd.  for  73.^3;  10*27.  Found:  C, 

74.28;  H,  10.37. 

2-Allyl -2-methyl-4-nentenal — The  product  was  obtained  using 
the  same  procedure  outlined  for  2-methyl -4-pentenal,  but  dibutyl 
phthalate  (120  g. ) was  used  instead  of  dibutyl  sebacate.  2-Methyl -4- 
pentenal  diallyl  acetal  (115  g. , 0.52  mole)  gave  in  two  hours  92  g.  of 
distillate,  b.p.  95-166°.  After  one  fractionation,  47.4  g.  (66. 0%)  of 
2-allyl -2-methyl -4-pentenal  (a  new  product)  was  obtained;  refraction- 
ation  gave  36.4  g.  of  pure  product,  b.p.  58°  (12  mm.),  n^u  1.4482, 
d^  O.8597.  Infrared  spectrum:  absorptions  at  3.22,  3*36,  3.52  (CH^); 

3.4i,  6.89  (CH2-);  3.69  (aliphatic  aldehyde);  5.80  (C=0);  6.08,  7.04, 

7. 10,  10.05,  10.90  (vinyl);  7. 28  (CIL-);  11.40,  11. 65  (weak,  unidenti- 
fied). 

Anal . Calcd.  for  C^H^O:  C,  78.21;  H,  10.21.  Found:  C,  78.6O; 

H,  10.24. 

2.4- Dinitrophenylhydrazone:  m.p.  115-116?  Anal . Calcd.  for 

C15H18N4°4!  C»  56.59;  H’  5-70;  N’  17*6°*  Found:  c»  ^6.14;  H,  5-62; 

N,  17.46. 

4 . 4- Dime  thyl -1 , 6-hen  tad i ene . — In  all.  three-necked  flask  fitted 
with  a thermometer  and  a reflux  condenser  was  placed  350  ml.  of  diethylene 
glycol,  47.0  g.  (0.84  mole)  of  potassium  hydroxide,  36.4  g.  (0.262  mole) 
of  2-allyl -2 -me thyl -4-pentenal,  and  35.5  ml.  of  85  per  cent  hydrazine 
hydrate  (0.622  mole)  (Fisher  Scientific  Co.,  purified  grade).  The 
reaction  mixture  was  refluxed  for  1.5  hour  (at  which  time  the  reaction 
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temperature  did  not  show  any  further  decrease  due  to  the  production 
of  water),  then  a Dean-Stark  trap  was  interposed  "between  flask  and 
reflux  condenser,  and  aqueous  liquor  was  removed  until  the  reaction 
temperature  reached  190°.  The  reaction  mixture  was  then  refluxed  for 
four  hours,  during  which  time  small  amounts  of  aqueous  liquor  had  to 
"be  removed  to  keep  the  temperature  at  185-190° • After  cooling  to  r.t., 
the  organic  layer  from  the  trap  plus  three  ether  extracts  of  the  com- 
bined aqueous  layer  and  reaction  mixture  were  washed  with  water  until 
neutral,  then  dried  over  anhydrous  magnesium  sulfate.  After  removal 
of  the  solvent,  fractionation  gave  24.9  g.  (76.5#)  of  VPC  pure  4,4- 

_ r\  r\ 

dimethyl-l,6-heptadiene  (a  new  product),  "b.p.  63°  (90  mm.),  n^  1.4283, 
20 

d^  0.7427.  Infrared  spectrum:  absorptions  at  3*21,  3*35  (CHy); 

3.42,  6.83  (CHg-);  5.^8  (vinyl  overtone);  6.11,  10.05,  10.95  (vinyl); 
6.98,  7.10  (CHy);  7.23,  7.3^  (gem-dimethyl);  8.48,  11.18,  13.05 
(weak,  unidentified).  The  NMR  spectrum  showed  two  multiplets  centered 
at  about  4.13t  ( — CH= ) and  5-00 -r  (CHy) , a doublet  centered  at  8.07 
(-CEL,-),  and  a singlet  at  9*  13'v( CH^— ) ; the  areas  were  0.9/2.3/2.2/3.0 
respectively. 

Anal . Calcd.  for  C-H^:  C,  87. 01;  H,  12.98.  Found:  C,  87. 19; 


H,  12.83. 


CHAPTER  IX 


SUMMARY 

Far  ultraviolet  spectra  of  sixteen  compounds  containing  uncon- 
jugated double  bonds  were  determined.  Progressive  bathochromic  wave- 
length shifts  were  observed  within  the  following  series  of  compounds: 

(i)  allyl trimethyl si lane,  diallyldimethylsilane,  triallylmethylsilane, 
tetraallylsilane;  (ii)  4,4-dimethyl-l-pentene,  4, 4-dimethyl -1,6-hepta- 
diene;  (iii)  allyl tripropylsilane,  diallyldipropylsilane,  triallylpropyl- 
silane.  In  the  series  trimethylvinylsilane,  dimethyldivinylsilane, 
me thyltri vinyl  si lane,  and  tetravinyl silane,  trimethylvinylsilane  was 
shifted  bathochromically  from  the  rest  of  the  vinylsilanes,  which  were 
grouped  together.  3»3-Dimethyl-l,4-pentadiene  was  shifted  bathochrom- 
ically from  3»3-dimethyl -1-butene  in  the  gas  phase,  hypsochromically 
in  solution.  Allyldimethyl vinyl  silane  showed  two  independent  absorp- 
tions. 

A homoconjugative  interspatial  interaction  is  postulated  as 
cause  of  the  progressive  bathochromic  shifts  observed  for  the  allyl - 
methylsilane  series.  Two  possible  alternate  causes,  namely  an  inter- 
action with  the  silicon  atom  and'  structure  effects  due  to  the  progressive 
replacement  of  methyl  with  allyl  groups,  are  excluded  by  the  spectro- 
scopic results  obtained  for  series  (ii)  (carbon  analogues  of  the  allyl - 
methyl si lanes)  and  series  (iii)  (propyl  analogues  of  the  allylmethyl- 
silanes).  Structures  depicting  the  interspatial  conjugative  inter- 
action have  been  drawn;  the  vinylsilane  series,  for  which  no  such 
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structures  could  be  drawn,  did  not  show  progressive  bathochromic  shifts; 
allyldimethylvinylsilane,  to  which  such  structures  are  unlikely  to 
apply,  showed  independent  allyl  and  vinyl  absorptions.  The  conjugative 
character  of  the  interaction  is  also  supported  by  a linear  relationship 
between  absorption  frequencies  and  HMO  Am  values  for  the  pseudo-conjugated 
structures  postulated  for  the  allylmethylsilanes,  and  by  close  similar- 
ity between  shift  ratios  and  AAm  ratios. 

It  is  found  that  the  structures  drawn  for  the  ultraviolet 
excited  state  of  the  allylsilanes  coincide  with  the  structures  postu- 
lated for  the  transition  state  of  intra-intermolecular  cyclopolymeri- 
zation. The  identity  is  supported  by  close  similarity  between  the 
activation  energy  ratios  for  the  free  radical  polymerization  of  allyl- 
methylsilanes and  the  shift  ratios  from  the  ultraviolet  study. 
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APPENDIX 


HMO  Am  CALCULATIONS  (k  = 0 .6  f>) 
Pseudo-butadiene 


1 2 

C— C C— C 

Symmetrical  operation: 


x 

1 


1 

x + 0.6 


= 0 


* + 0.6x-l  = o 


-0.6  + 


x = 


+\Jo.36 


+ 4 


- 2,69  = - 1.345 
/ 2 

-0.6  + 2.09  / 

? = ■ — lifts.  = 0.745 

* 2 


x = + I.345,  + 0.745  (even  alternant  hydrocarbon) 
Am  = 2 x 0.74  = 1.49 

Pseudo-hexatriene 

12  3 

r*  r*  -r*  r*  r\  r\ 

L»  — u 0 — L 0 — 0 

Symmetrical  operation: 
x 1 0 


1 X 0.6 

= 

0. 

0 0.6  x+1 

x 0.6 

1 0.6 

j0.6  x+1 

0 x+1 
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x(x2  + x-O.36)  - (x  + 1)  = 0 
x^  + x2  -0.36  x— x— 1 = 0 
x3  + x2  -1.36  x— 1 = 0 


Solution  "by  substitution  and  synthetic  division: 


1 

+1 

-1.36  -1 

1.09 

1.09 

2.28  1.002 

1 

2.09 

0.92 

x2 

+ 2.09 

x + 0.92  = 0 

-2.09  + 

\j4.37-3.68 

-2.09 

X — 

2 

±\Jol9 

~Z 


- ii|i  = -0.63 

-2.09  + O.83  / 

= 2 N-  = -1.46 


x = + 1.46,  + 1.09,  + O.63  (even  alternant  hydrocarbon) 


Am  = 2 x O.63  = 1.26 

P s eud 0 - 0 c t a tetraene 


12  3 4 

C— C C— C C—C C— C 


Symmetrical  operation: 


1 

0 

0 

X 

0.6 

0 

0.6 

X 

1 

= 

0 

0 

1 

x+O.o 

X 

0.6 

0 

1 

0.6 

0 

0.6 

X 

1 

— 

0 

X 

1 

0 

1 

x+0.6 

0 

1 

x+0.6 

x 
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X 1 

0.6  1 

x 1 

-0.6x 

- 

1 x+0 . 6 

0 x+0. 6 

1 x+0 . 6 

x~(x* 2  + 0.6x-l)  -0.6x  (0.6x  + O.36)  - (x2  + 0.6x-l) 

x4  + 0.6x3-x2-0.36x2-0.2l6x-x2-0.6x  + 1 

x4  + 0. 6x^-2. 36x2-0.8l6x  + 1 

Solution  by  substitution  and  synthetic  division: 


1 +0.60 

-2.360 

-0.81?  +1 

-0.92 

-0.92 

0.294 

1.900  -1 

1 -0.32 

-2.066 

1.084 

3 2 

x-«0.32x  . 

-2.0 66x  + 

. 

0 

03 

-P- 

II 

O 

Solution  by  substitution  and  synthetic  division: 


1 -0.32 

-2.066 

+1.084 

1.27 

1.27 

1.208 

-I.O89 

1 0.95 

-O.858 

x2  + 0.?5x  - O.858  = 0 


x = 


-0.95  +\/ O.903  + 3.^3 


-0.95  tV4*333  -0.95  + 2.08  "^22=  -1,515 

n1.13  = 0.565 

2 


x - Z 1*515*  + 1*2?,  + 0.92,  + O.565  (even  alternant  hydrocarbon) 


Am  = 2 x O.565  = 1.13 
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